AMERICAN JOURNAL 
OF THE MEDICAL SCIENCES 


MAY, 1937 


ORIGINAL ARTICLES. 


DIABETES AS A DISTURBANCE OF ENDOCRINE REGULATION. * 
By A. Hort SSAY, 


FACULTAD DE CIENCIAS MEDICAS, UNIVERSIDAD DE BUENOS AIRES, ARGENTINE 
REPUBLIC. 

Tue pathologic changes which bring about diseases are disturb- 
ances of the normal functions. For this reason, the knowledge of 
the physiology of the carbohydrate metabolism is fundamental in 
order to understand the mechanism of diabetes and to serve as a 
basis for the purposes of diagnosis and treatment. There is still 
much to be learned from these basic studies, in which the discovery 
of insulin, although very important, has been only one step. 

The carbohydrate metabolism is regulated by many factors both 
nervous and humoral, which must be harmoniously coérdinated 
for the existence of integrated function. 

Sugar is constantly produced and used. The liver is the essential 
organ for its production and it is consumed in greater part by the 
muscles. Various endocrine factors take part in the regulation of 
the production and consumption, among them the pancreas, pitui- 
tary gland, adrenals, thyroids, and gonads. These multiple factors 
obey a controlling mechanism and so maintain an equilibrium, 
which is proved by the more or less constant blood sugar level, and 
the tendency to regain this level if alteration occurs. Denervation 
of the liver, pancreas, adrenals or thyroids does not manifestly 
affect the normal level of the blood sugar because the regulation of 
this endocrine equilibrium is mainly through the blood. 

The sympathico-adrenal mechanism, directly or by means of adren- 
alin, can decompose the liver glycogen, setting free glucose; or by 
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means of adrenalin the muscle glycogen is affected, lactic acid being 
set free which is transformed back to glucose by the liver. This 
sympathico-adrenal mechanism tends to raise the blood sugar. io 
pituitary, principally the anterior lobe acts in the same blood sug 
raising sense. The thyroid and possibly the adrenal cortex ie 
tend to raise the blood sugar. 

On the other hand, insulin secreted by the pancreas tends to 
lower the blood sugar and prevents it rising above the normal level; 
it also regulates the consumption and production of glucose. 

We will examine the functioning of these factors in their relation 
to diabetes. 

Muscle. According to the studies of my collaborators (Dam- 
brosi, Foglia, Fernandez, Biasotti, and others), in dogs and cats 
glycogen formation is altered in pancreatic diabetes in different 
progressive steps in the following order: 1, The liver glycogen and 
its formation from glucose is diminished; 2, after injection of glucose 
the formation of muscle glycogen is slowed™* (Fig. 3); 5, the re- 
synthesis after muscular tetanization is slowed and « lelay edp-4 (Figs. 

land 2 eh 4, the basal muscle glycoger n is diminished; 7" 5, the cardiac 
is generally increased.” Injection of insulin 
or a pancreatico-duodenal graft in the neck compensate or over- 
compensate these deficiencies" (Figs. 1 and 3). Suprarenal 
insufficiency produces similar disturbances in the dog, which are 
compensated by cortin and insulin®*®° (Figs. 13 and 14). 

On the other hand, the liver is not necessary for the re-synthesis 
of muscle glycogen in the presence of insulin. In hepatectomized 
dogs, Mann and Magath'?°¢ found the muscle glycogen can fall 
to half the basal amount. The injection of glucose causes it to 
rise if the pancreas is present or high doses of insulin are injected.'* 
Dambrosi®*** has shown that the resynthesis of muscle glycogen 
after tetanization depends on the level of the blood sugar in hepa- 
tectomized dogs; it is good if the blood sugar is high, poor if low. 
The réle of the liver is therefore indirect, through its influence on 
the blood sugar. 

The question whether the re-synthesis of the muscle glycogen 
wasted during tetanization occurs in pancreatectomized animals 
has been studied and confirmed by some authors!” 
but not by others.!2:%*>.12 Tn reality, as has been demon- 
strated independently by Dambrosi®*”" and Lukens, Long and 
Fry,'** fatigue causes a decrease in glycogen similar to that in 
the controls, but there is a slower re-synthesis in the pancreatec- 
tomized animals compared with the controls, even though usually 
the final level is the same; thus there is a marked lengthening in the 
duration of re-synthesis, but not absence (Figs. | and 2). Injection 
of insulin or pancreatic graft in the neck causes a normal or even 
more rapid recuperation (Dambrosi®*”). 


The changes in the muscle glycogen which occur on injection of 


HOUSSAY! DIABETES 583 


glucose in pancreatectomized animals have been investigated. Some 
have not observed any rise,?7-%*-64%.? others have found this, but in 


a diminished and slower form.'*!% Foglia and Fernandez (1033) 
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proved that during the first hours following operation, pancrea- 
tectomized dogs form glycogen; 5 to 24 hours after the operation 
glycogen is either not formed or only in very small quantities. 
If the pancreas is grafted into the neck or insulin injected the forma- 
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tion becomes normal or super-normal (Fig. 3). This agrees with the 
known action of insulin which favors the deposit of muscle glycogen 
in diabetics or normal beings in various conditions.7!!6!547.46.148 
For the sake of brevity we will not consider the insulin-sympatico- 
adrenalin action®*°* and its influence on the muscle glycogen. 

The work of Cruickshank, Evans and collaborators, Himwich and 
collaborators and Grande may be referred to for data on the con- 
sumption of glucose, lactic acid and respiratory quotient of the 
diabetic muscle and heart. 
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Fic. 3.—Dogs injected with glucose 2 gm. per kg. intravenously. Each column 


represents the average values of muscle glycogen of one dog in mg. per 100 gm. 
White: immediately before the injection. Black: one hour after the injection. 
(Foglia and Ferndndez, 1933.) 


These and other known facts must be interpreted as proof that 
the muscular metabolism is altered when insulin is lacking. Thus 
a more intensive study of the metabolic disturbances of the muscle 
and liver in diabetes may lead us to important discoveries applicable 
to the treatment of this disease. 

Liver. Mann and Magath have shown, and it has been con- 
firmed by ourselves that the liver is 
necessary for the maintenance of the normal blood sugar level and 
for the production of hyperglycemias (diabetic, adrenalinic, asphic- 
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tic, or anesthetic). Extirpation of the liver causes a rapid fall of 
blood sugar and when hypoglycemia is reached there are various 
symptoms which disappear when glucose is administered. — If 
extirpation of the liver is carried out simultaneously with pan- 
createctomy there is no rise in blood sugar in dogs!" amphi- 
bians**!° and birds'”’ and the sugar falls as in simple hepatectomy. 
If the liver is removed in the dog while there is diabetic hypergly- 
cemia this immediately diminishes reaching hypoglycemia with 
symptoms which glucose cures (Mann and Magath). If pancrea- 
tectomy is carried out after removal of a large part but not all, of 
the liver, the rise in blood sugar occurs slowly, taking several days 
(Mann et al.). 

The presence of the liver is necessary in order that the injection of 
anterior pituitary lobe can raise the blood sugar to diabetic level 
in hypophysectomized pancreatectomized toads.’ If the liver is 
extirpated in a dog with diabetes of pituitary origin, with glycemias 
of 0.2 to 0.35 gm. 9%, due to injection of anterior lobe extract, the 
blood sugar rapidly falls (Houssay and Foglia, unpublished data). 
From these facts it can be deduced that the liver is absolutely neces- 
sary for the production and maintenance of the diabetic action of 
the pituitary. It is an interesting fact that the blood sugar and 
muscle glycogen fall less rapidly in hepatectomized toads if they have 
been implanted with anterior pituitary lobe (Campos, Curutchet 
and Lanari?’). 

The presence of the liver is not necessary for the action of insulin. 
The fall of blood sugar is accelerated in hepatectomized animals 
(whether the pancreas is present or not) on injection of insulin 
182.151 and glucose improves the hypoglycemic symptoms. Insulin 
causes an increase in the disappearance of glucose even in decapitated 
and eviscerated animals.'® 

The liver of pancreatectomized animals shows a decrease in 
quantity of glycogen and after a venous injection of glucose this is 
either not deposited or in less quantity than in normal liver!» 

Pancreas. The internal secretion of the pancreas keeps the blood 
sugar level normal and corrects or prevents its rise; it allows the 
liver to form and store normally the hepatic glycogen; accelerates 


the re-synthesis and storage of muscle glycogen, and allows the 


normal production and consumption of glucose. 

Total extirpation of the pancreas in one or several operations 
always produces a severe consumptive diabetes which persists 
during fasting (von Mering and Minkowski, ISS9-1892). That 
this diabetes must be attributed to the suppression of a pancreatic 
internal secretion, is proved by the following facts: 1, A subcutane- 
ous pancreatic transplantation prevents the diabetes.’ 
the vascular supply is occluded the blood sugar rises but descends 
again when the ligature is removed.*** 2, If a pancreas (or duodeno- 
pancreas) is grafted by its artery and vein into the carotid and jugu- 
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lar of a diabetic dog the blood sugar of the latter descends rapidly 
to normal, if it is grafted into a recently pancreatectomized dog the 
blood sugar rise is (Big. 4). This graft 
causes a rapid disappearance of the disturbance in the formation of 
hepatic and muscle glycogen in the diabetic dog®*”.”" (Figs. | 
and 3). 3, If a diabetic dog is injected with the blood from pan- 
creatic veins, %°!*"." jts blood sugar falls; this does not occur 
with injection of blood from the general circulation. 4, Insulin 
extracted from the pancreas counteracts all the symptoms of pan- 
creatic diabetes and keeps alive for years pancreatectomized dogs 
suitably fed. %*4 

The pancreas secretes insulin continuously. After pancreatec- 
tomy there is a definite rise in blood sugar in from 2 to 4 hours**!!®* 
which continues from 1 to 2 days and then remains stationary. 
With Lewis and Foglia we found that in order to keep the blood 
sugar normal in a pancreatectomized dog, insulin must be injected 
continuously in a dosage of about 0.01 unit per kg. per hour, the 
extreme limits being 0.005 and 0.02 unit per kg. per hour.!!°1°% 

Rise in blood sugar stimulates the pancreatic endocrine function 
and increases the secretion of insulin 87.56, 8, 68,725 
our experiments with Lewis and Foglia (1928) allow us to conclude 
that variations in the secretion of insulin are important and can go 
from 10 to 1. An excessive administration of sugar may exhaust and 
damage the pancreas and increase the severity of Sandmeyer’s dia- 
betes, as we have seen together with many experimenters since Allen.*" 

On the contrary the hypoglycemias induced by insulin,?’* syn- 
thalin?*? and hepatectomy”*’ cause a decrease in the secretion of 
insulin. 

Further, as intense and prolonged administration of gonad hor- 
mones can cause atrophy of the gonads and those of the thyroid 
atrophy of the thyroid gland, so does the administration of insulin 
inhibit the secretion of insulin. Even though it can give rise to an 
increase in number and volume of the islet cells and their insulin 
content’ it ends by inhibiting their proliferation’ activity and 
secretion and when the insulin is no longer administered in norma! 
animals, the hyperglycemic curve produced by glucose is length- 
ened!® and spontaneous hyperglycemias and glycosurias are ob- 
served for some time.!%!7.17 

The pancreas regulates the normal level of the blood sugar pre- 
venting hyperglycemia and in its turn the normal blood sugar keeps 
the internal secretion of the pancreas normal, increasing it if there 
is hyperglycemia and diminishing it when there is hypoglycemia; 
thus there is a reciprocal mechanism. 

The pancreas, through insulin, allows the normal and_ rapid 
formation of glycogen. This pancreatic endocrine regulation is 
maintained in order essentially by humoral factors, with certain 
accessory nervous factors. 
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There has been much discussion whether the internal secretion of 
the pancreas is governed by the central nervous system or by changes 
in the blood. Our experiments have shown that the humoral 
mechanism is preponderant and that the nervous one is secondary 
and can be dispensed with, but it helps to integrate with more rapid- 
ity and perfection the pancreatic endocrine secretion. 

After section of the vagus nerves the blood sugar is maintained 
within normal limits (Etcheverry)''” although sometimes slightly 
lower figures have been observed*®'7*° or even slightly raised 
ones2!!"73 Observations contrary to this statement made by 
La Barre (1927-1928) can be attributed to inappropriate technique; 
it is convenient to do the experiments over a long interval with well- 
fed unanesthetized animals. We have, together with all other 
experimenters, found that denervation of the pancreas in situ%®.187.2° 
does not produce diabetes, neither does denervation of a transplanted 
pancreas nor part of the pancreas.7™ 

The curve of sugar tolerance is only slightly affected by section, 
either uni- or bilateral, of the vagus. The fall of blood sugar after 
administration of glucose has been studied by various observers 
74.176.194.173 who found it the same as in normals, although Gayet75™:77* 
found a slightly quicker fall and Clark” found a transitory initial 
increase and later a prolonged fall. We found with Lewis and Foglia 
in 1928, that there was a slower fall in all dogs'®** with vagi cut 
or denervated grafts (Fig. 9) Etcheverry has investigated this 
point very thoroughly and has found that without exception in 
every dog observed before and after bilateral supradiaphragmatic 
vagotomy or denervation of the pancreas, there is lengthening of the 
fall in blood sugar, a disturbance which is noted for several weeks 
but which slowly decreases. On the other hand, there is no such 
change when the liver is denervated (Fig. 9) or other operations 
carried out. The vagi therefore have some influence, though it is 
accessory and not indispensable. The regulation of the secretion 
of insulin (without vagal intervention) during hyperglycemia has 
been shown by other experiments.*:!74 

The affirmation made by Hoet and Ernould, Hoet, Debois, that 
the vagi are necessary for the secretion of insulin, because vagotomy 
prevents the formation of muscle glycogen, is inexact, and probably 
due to faults in technique, such as anesthesia or asphyxia. In 
reality, vagotomized dogs and cats re-synthetize muscle glycogen 
after fatigue (Dambrosi, 1933) (Fig. 7) and store it after injection 
of glucose just as the controls (Foglia and Fernandez, 1933; Long 
and Fry, 1933). 

Various experimenters have noted a decrease in the blood sugar on 
vagal stimulation*®:145.15921,105,1268,1759.89 which is usually slight and 
not constant and of little significance. La Barre and Vesselowsky 
(1933) have observed this decrease in cats which have been adrenal- 
ectomized and the hepatic nerves cut, to avoid their action on the 
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liver and the antagonistic action of adrenalin. Gayet7?.77" however 
has not obtained a decrease under any experimental conditions. 
Etcheverry has repeated the experiments of La Barre and Vesselow- 
sky with better technique, stimulating supradiaphragmatically 
both vagi in chloralosed dogs in which in separate and successive 
operations the left adrenal medulla, the, right adrenal, the nerves 
of the liver, the major and minor splanchnics and the abdominal 
sympathetic chains had been removed; but in no case, in spite of 
the excellent condition of the animals, which did not suffer from 
cortico-adrenal insufficiency as did those of La Barre, has there 
been hypoglycemia. 

Zunz and La Barre in many papers uphold the theory that the 
secretion of insulin is governed by the central nervous system. In 
order to detect the secretion of insulin thes use a pancreatico- 
jugular anastomosis, passing the pancreatic venous blood of one 
dog into the jugular of another, which is usually diabetic due to 
panereatectomy and in which the suprarenals have been extirpated 
so that the insulin will not be able to stimulate a hypersecretion of 
adrenalin capable of counteracting the hypoglycemia. Those 
reactions which take place in the donor and which are suppressed 
on vagal section or atropinization, can be considered as of central 
nervous origin and transmitted by the vagi. In some experiments 
the donor dog is decapitated, leaving the vagus nerves intact, uniting 
the head which is irrigated by the blood of another dog, thus an 
agent can be observed at will either on the head or the trunk. 

Using this technique it can be seen that hyperglycemia of the 
head brings about an increase in pancreatic secretion due to stimu- 
lation of the central nervous system which is transmitted through 
the vagi2’*! Hypoglycemia in the head which may have been 
brought about by insulin,’ svnthalin®*? or hepatectomy2"*" causes 
an inhibition of the secretion of insulin. As for the localization of 
the controlling centers for the secretion of insulin or the blood sugar 
level, according to Brugsch, Dresel and Lewy*> these are to be found 
in the nucleus of the vagus, according to La Barre'"* in the thalamic 
region and in the pons according to Donhoffer and Macleod.°* 
Puche Alvarez!7* using the same technique as Zunz and La Barre 
has found that asphyxia causes an increase in the secretion of insulin; 
on the other hand Gayet,””.7™ with the same technique and also 
improved experiments, denies emphatically that the secretion of 
insulin is influenced through central stimulation by glucose. 

Zunz and La Barre maintain that adrenalin,” posterior pituitary 
extract," anterior pituitary pancreatotropic substance” and large 
dose of thyroxin®*?* stimulate the pancreas directly, increasing 
its secretion of insulin. Other substances or agents increase the 
secretion of adrenalin and this in its turn stimulates that of insulin; 
thyroxin® ultraviolet rays, amino acids,'*" ete., are in this category. 
Moreover, the thyrotropic hormone stimulates the thyroid secretion, 
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which in its turn provokes insulin secretion.“ Work done on the 
pharmacologic influence of various agents on the secretion of.insulin 
has been summarized by Foglia in his thesis 1951, and La Barre in 
his book 1933. 

The method of grafting the pancreas into the neck has furnished 
many proofs in favor of the fact that the regulation is essentially 
humoral. The duodenum and pancreas of one dog is taken out and 
united by its artery to the carotid and its vein to the jugular of 
another dog. Similar results are obtained if the pancreas alone is 
grafted in this way but it is easier to graft the duodeno-pancreas 
preparation and its survival is more certain. A pancreas thus grafted 
can be kept alive in perfect condition for 10 to 15 hours. The graft 
has a specific action on the blood sugar which is not shown by grafts 


Pancreatic diabetes Pancreatectomized 
grafted pancreas grafted pancreas Pancreatectomized 
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Bia. 4 Composite curves of glycemias of chloralosed dogs. Pancreatic diabetes 
3 dogs); arrow: pancreas grafted n the neck. Pancreatectomized (4 dogs) and 


immediately after (arrow) graft of pancreas in the neck. Pancreatectomized (5 
dogs (Houssay, Lewis and Foglia, 1928 


of duodenum alone or of kidney. It plays the same réle as the pan- 
creas in situ, keeping the blood sugar within normal limits and pre- 
venting its rise, responding to stimulation through the blood stream 
with a changing and regulated discharge of insulin. This prepara- 
tion has been used by Gayet and Guillaumie,?®7*> Toussay, Lewis 
and La Barre," Dambrosi®*” and Foglia and 
Fernandez. 


In the presence of this graft the rise in blood sugar in dogs due 
to pancreatectomy does not occur?” (Pig. 4). If is 
grafted into a dog suffering from pancreatic diabetes the blood 
sugar falls to normal levels in 2 to 3 hours and remains stationary 
(Fig. 4); if the graft is removed the blood sugar rises again.7**:* In 
order to obtain a similar curve of the fall in blood sugar in a pan- 
createctomized animal it is necessary to inject by continuous per- 
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fusion 10 times the basal quantity of insulin and continue lessening 
e it as the blood sugar descends, that is to say varying the dose from 
10 to 1 (Houssay, Lewis and Foglia, 1928). 
If one, two or even three extra pancreases are grafted into a dog 
the blood sugar remains normal, showing that the four pancreases of 
together act as one, since their secretion is decreased and adjusted . 
according to the level of the blood sugar (Gayet,7*"” Houssay, : 
Lewis and Foglia'®*?) (Fig. 5). 
If glucose is injected into a pancreatectomized dog which has a 
pancreatic graft in the neck, the blood sugar curve obtained is 
almost the same as normal (Gayet,7*":7® Hloussay, Lewis and 
Foglia'®*) there being slight differences which will be discussed later. 
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Fic. 5.—-Composite curves of glycemia of chloralosed normal dogs. One arrow, 


graft of one pancreas in the neck (5 dogs). Three arrows, graft of three pancreases 
(2 dogs). (Houssay, Lewis and Foglia, 1928 


Injection of glucose into the pancreatic artery causes an increase 
in the secretion of insulin and a transitory fall in the blood sugar; 
this may be seen with the pancreas in situ (Grafe and Meythaler, $7: 5° 
Kosaka,!*) or with the pancreatic graft in the neck according to 
Gayet™*>.77" and Foglia and (Fig. 8).* 

The grafting of a pancreas in the neck of a diabetic dog corrects 
the disturbances in the re-synthesis of glycogen during fatigue 
(Dambrosi™) and helps the storage of muscle glycogen after injec- 
tion of glucose (Foglia and Fernandez™*). 

We hold that the regulation of the secretion of insulin is essentially 
a humoral mechanism because: 1, Denervation of the pancreas in 
situ hardly affects the blood sugar and only slightly the sugar toler- 
ance curve. 2, The pancreas grafted into the neck functions nor- 
mally without extrinsic nerves. + 


* Houssay and Lewis'™b and La Barre!**b could not demonstrate this before. 
Tt We have no data on the possible réle of the intrinsic innervation. 
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Nevertheless the nervous system does play some part in the dog* 
although it is secondary, accessory and can be dispensed with. We 
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ria. 6.—Composite curves of glycemia of chloralosed dogs injected intravenously 


with 1 gm or glucose per kg. I = 6 normal dogs. II 5 dogs immediately after 


the pancreatectomy. III 6 dogs pancreatectomized, with pancreas grafted in the 
neck (Houssay, Lewis and Foglia, 1928.) 
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Fic. 7.—Each column represents the average of the muscle glycogen (mg. %) of 
a chloralosed dog. White: immediately after the tetanization. Black: after one 
hour of rest. (Dambrosi, 1933.) 


* The animal which has served for all our studies. 
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base this affirmation on the following facts elicited in our Institute. * 
1, When the pancreas is denervated? after venous injection of 
glucose the fall in the blood sugar curve is, in the dog, always 
slower than when the pancreatic innervation is intact (Fig. 9). 2, 
When insulin is injected the rise in blood sugar in animals with a 
denervated pancreast is slower than if the pancreas is intact 
(Fig. 9). 


Pancreatectomized dogs, 
gr 00 Grafted pancreas 
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(A-B Inject. glucose 2.5°7) art. pancreaticoduodenal 
--- jugular vein. 
(D + +4 * Locke art. pancreaticoduodenal. 
Fic. 8.—Averages of 10 dogs (A. B.), 8 dogs (FE) and 6 dogs (D). The upper 
black mark indicates the time of injection. Foglia and FernAndez, 1935.) 


These facts show that the vagus is coéperating with the humoral 
regulation, increasing the secretion of insulin during hyperglycemia 
thus accelerating recuperation, and decreasing the secretion during 
hypoglycemia, thus helping the return to normal. That is to say 
the secretion of insulin is governed by a complex mechanism which 
is fundamentally humoral but which is aided by the nervous system 
through the vagus. 

The pancreas maintains the normal level of the blood sugar 
inhibiting hyperglycemia, but in its turn the normal blood sugar 

* To which experiments can be added those of Zunz and La Barre, Puche Alvarez 
and others which we have not attempted to confirm. 


+ By section of the vagi or pancreatic nerves, or in the case of the pancreatic 
graft. 
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regulates the normal internal secretion of the pancreas which is 
stimulated by hyperglycemia and inhibited by hypoglycemia. 
Therefore the blood sugar level regulates the secretion of insulin. 

In certain pathologic cases the normal regulatory mechanism is 
altered, especially in cases of islet adenoma (or even simple hyper- 
plasia) when hyperinsulinism is present. This type of secretory 
alteration and hyperfunction is seen in adenomas of other glands, 
namely thyroid, pituitary, parathyroids and adrenals. 


Glycemia Pancreatectomized, Supradiaphrag matt Denervated 
‘ grafted pancreas Vagotomy pancreas 
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Hours 
Fic. 9 Above: Average glycemic curves of dogs injected intravenously (jugular 
with 1 gr. glucose. Below: Average glycemic curves of dogs injected intravenously 
jugular) with 3 U. insulin. 
l 6 pancreatectomized dogs, anesthetized with chloralose, and with pan- 
creas grafted 
- 6 control dogs. (Houssay, Lewis and Foglia, 1928-1929). 
II 12 vagotomized dogs, not anesthetized 
12 controls (Etcheverry, unpublished). 
II] 6 dogs with denervated pancreas, not anesthetized. 
----- 6 controls. (Etcheverry (unpublished). 


Although frequent changes in the pancreas and islets are found 
in diabetic patients, pathologists agree that there is no_ specific 
lesion of the pancreas in diabetes.°°"'5 The functional disturbance 
probably has a preponderant importance in the development of the 
symptoms. The impossibility of measuring accurately the insulin 
circulating in the blood prevents the knowledge of whether or not 
i it is decreased in diabetics. Or, if the insulin circulating in the blood 
is normal or raised, whether the organism requires more than is 
secreted, or else is insulin-resistant. In any case, the diabetic 
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pancreas does not respond with a sufficient secretion to correct the 
hyperglycemia. The insulin secretory mechanism is altered. 

Whatever the concentration of insulin, low, normal or raised, it ; 
is insufficient for the necessities of the organism. The proof of this 
is that injections of insulin bring about the disappearance of the 
diabetic symptoms. Therefore the pancreas does not produce a suffi- 
cient quantity of insulin for the necessities of the diabetic organism. 

In time a more perfect knowledge of this regulation of the secre- 
tion of insulin will probably guide us in the diet and treatment of 
diabetes. I think it is a field well worthy of further exploration. 

Pituitary. We will make only a brief summary of the principal 
known facts on the influence of the pituitary gland in diabetes (a 
subject which has been studied extensively in our Institute since 
1929), since one of the Dunham lectures which I gave at Harvard, 
in 1935, was on the pituitary and carbohydrate metabolism and 
can be referred to for further data.” 

Serious disturbances in the carbohydrate metabolism are caused 
by lack of the pituitary or the glandular lobe of the pituitary. In- 
jection of extract of this lobe counteracts or produces the opposite 
symptoms. The neuro-intermediate lobe also possesses some of 
these corrective actions, though not all and to a lesser degree. 

During pituitary insufficiency, fasting and different hypoglycemic 
agents readily provoke severe or even fatal hypoglycemic crises if 
treatment with sugar is not started in time. ‘There is a marked 
sensitiveness to insulin. Most, though not all, experimental hyper- 
glycemias are less marked than in the controls. 

Glycogen diminishes in fasting and it is more difficult to keep it 
high.>* There is an exaggerated glycogenolysis during fasting 
though this usually is less rapid than in the controls after injection 
of adrenalin, insulin, or pilocarpin, or in asphyxia, ete. 

We have shown with Biasotti (1929-1930 and later) that in the 
absence of the pituitary or its glandular lobe there is an attenuation 
of pancreatic diabetes. There is longer survival, wounds will heal, 
the fall in weight and azoturia are lower, the hyperglycemia and 
glycosuria are less, ketonemia and ketonuria scanty, the basal 
metabolism is little or not raised at all, the lipemia and cholesterol- 
emia are less marked and the dextrose-nitrogen ratio is low; severe 
spontaneous hypoglycemic crises occur and there is increased sensi- 
tiveness to insulin, both being cured with the administration of 
sugar. If sugar is injected intravenously it is partially or totally 
retained. The respiratory quotient frequently rises, sometimes as in 
normal animals, the fall of the blood sugar curve is longer than in 
normals but more rapid than in diabetics. Daily administration 
of sugar increases the severity of the diabetes. 

These experiments prove: 1, The presence of the anterior pitui- 


* In asthenic toads the re-synthesis occurs with delay (Dambrosi, unpublished is 
work). 
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tary lobe is a factor which increases pancreatic diabetes. 2, Hypo- 
physectomized animals without the pancreas and therefore with no 
secretion of insulin can utilize and consume sugar, that is to say, the 
pituitary causes a decrease in the utilization of sugar in the diabetic. 

When there is no pituitary gland, phloridzin diabetes is less 
marked. There is a rapid and fatal hypoglycemia in fasting, which 
is counteracted by the intake of protein or sugar, but not by fat. 
There is less glycosuria, ketonuria, azoturia and the dextrose-nitro- 
gen ratio is low. The administration of anterior pituitary lobe ex- 
tract increases this attenuated phloridzin diabetes of hypophysec- 
tomized animals. 

The following effects of pituitary extracts have been described * 
a blood sugar raising action of extract of the posterior lobe, pancrea- 
totropic (Anselmino, Herold and Hoffmann), contrainsular (Lucke), 
glycogenolytic (KXohleydratstoffwechselhormon of Anselmino and 
Hoffmann), diabetogenic (Houssay and collaborators) and also a 
blood sugar raising substance which has a rapid action, is ultra- 
filtrable and active without the presence of the adrenals (Anselmino 
and Hoffmann). 

I agree with Anselmino and Hoffmann that the work of Lucke 
has been given too much importance, possibly because of the number 
of his papers and the well-sounding though inappropriate name, 
contrainsular hormone, which he has used. The commercial extract 
he has used has an immediate, though faint, inconstant and transi- 
tory, blood sugar raising effect; it has the same characteristics as 
the extract of posterior lobe, that is to say, they do not occur in the 
absence of adrenals or the liver. Also it is not diabetogenic in the 
normal animal. 

We have increased the attenuated pancreatic or phloridzin dia- 
betes of hypophysectomized animals with alkaline extracts of the 
anterior lobe injected into the peritoneal cavity. The organism 
becomes insulin resistant. Diabetes can be induced in normal 
animals. 

With daily injections of this extract in normal dogs the blood sugar 
rises in 2 to 3 days to level of 0.15-0.35 gm. % where it remains 
several days. This hyperglycemia of anterior pituitary diabetes 
may be termed alimentary since it only occurs in normally fed 
animals, being more rapid and intense if they are given carbohy- 
drates and does not occur or only slightly so if the animals are 
fasting. ‘There is no increase in blood sugar the first day, but this 
occurs the second or third day and persists all day with oscillations. 
If the anterior pituitary extract is omitted the blood sugar falls to 
normal in 2 to 3 days. During the anterior pituitary diabetic hyper- 
glycemia there is ketonemia and ketonuria (though much less than 
in pancreatic diabetes), glycosuria, hyperlipemia and hypercholes- 
terolemia and an increase in the hepatic glycogen. If glucose is 
injected into the veins it is partly or sometimes totally eliminated; 
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the hyperglycemic curve is prolonged as in diabetes. The respira- 
tory quotient may remain unchanged. Even if hyperglycemia does 
not occur, the glycemic curve is of diabetic type and there is a 
strong resistance to insulin. 

The anterior pituitary diabetogenic action can be seen in hypo- 
physectomized) pancreatectomized toads even when the gonads, 
thyroids, digestive tract or lungs, kidneys, anterior or intermediate 
brain, or adrenals’? have been removed. It is also seen in dogs 
which have been castrated, or thyroidectomized, hypophysectom- 
ized, or with denervated adrenals, or with the adrenal medulla 
removed, or where there has been bilateral supradiaphragmatic 
vagotomy, or extirpation of the abdominal sympathetic chain and 
section of the major and minor splanchnic nerves. 

The liver is necessary for the diabetogenic action of the anterior 
pituitary extract in the hypophysectomized pancreatectomized 
toad (Campos, Curutchet and Lanari?’). Hepatectomy causes the 
raised blood sugar of the anterior pituitary diabetes in dogs to fall 
rapidly to hypoglycemic levels (Houssay and Foglia, 1936). 

We have shown with and Leloir'’ that in’ the 
toad species Bufo arenarum the presence of the adrenal is not 
necessary. Pancreatic diabetes in the toad can be diminished by: 
1, hypophysectomy (or removal of the glandular lobe of the pitui- 
tary); 2, adrenalectomy; 3, extirpation of both these glands. 

In these 3 cases injection of glandular lobe of the pituitary causes 
a reappearance of the diabetic hyperglycemia in all its intensity; 
on the other hand, injection of cortin or adrenal extract does not 
alter the blood sugar (see table). 

These results differ from the very important results obtained by 
Long and Lukens'*' in the cat. They found that pancreatic 
diabetes is diminished by hypophy sectomy oradrenalectomy . Cortin 
does not increase the blood sugar. Anterior pituitary extract in- 
creases the blood sugar in hypophysectomized-pancreatectomized 
animals but not in the adrenalectomized-pancreatectomized. — For 
this reason they suppose that the anterior pituitary extract pro- 
duces its action through the adrenals. 

I think that before believing these phenomena are different in 
amphibians and mammals it would be better to repeat the experi- 
ments, injecting with a powerful diabetogenic extract, adrenalecto- 
mized mammals which are kept in good condition by salt treatment 
and whose glycogen is high. 

We have studied with Foglia particularly the relationship of 
anterior pituitary diabetes to the endocrine function of the pancreas. 
Anterior pituitary extract has an extrapancreatic diabetogenic 
action, since it can bring about a considerable hyperglycemia and 
increase the diabetes hypophysectomized-pancreatectomized 
animals. In normal dogs the injection of this extract can also pro- 
duce an insulin resistance which can be shown in three ways: 1, 
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if a normal duodeno-pancreatic graft is placed in the neck there is 
no fall in the raised blood sugar (Fig. 10); 2, if insulin is injected 
there is a diminished and more transitory fall in the blood sugar 
compared to the normal or pancreatectomized animals (Fig. 11); 
3, both normal or hypophysectomized animals treated thus resist 
high doses of insulin which are toxic for the controls, the presence of 
gonads, thyroids or adrenal medulla not being necessary for the 
increase of the resistance.°7"4 This resistance to insulin is also 


TABLE 1.--Bioop Sucar Arrer INJECTION OF HypopHysiS AND ADRENAL EXTRACT, 
Each number corresponds to the average of determinations made upon 15 to 20 toads 
(Bufo arenarum, Hensell). (Houssay and Foglia, 1936.) 


Injection of 


“ct 
0.25 ce Injection of Inje« ion of 


Injection of 


No. of 2 principal . ~ 0.025 gm. 
the ex lobes of 5 orun = 1 toad’s of dogs 
pjohn 10 adrenal 
periment toad’s hypo- adrenal 
adrenal 
Adrenals and pan- | 0 107 0. 202 0.117 
creas removed i 0 105 0 187 
| 0 176 
Pancreas 
Pancrea 0 179 
6 0 190 
l 0 096 0 186 0.112 
Hypophysis and 2 0 102 0 156 0 106 
0 100 0 190 
move 0 108 0 108 
l 0 OS6 0 142 O94 
Adrenals 
als 0.108 0 161 0.113 
SIS “an- 
physis anc 3 0 OS2 0.135 0 094 0 OS6 
creas re 
0 079 0. 138* O82 
Adrenals l 0 043 
removed 0.037 0 046 
Hypophysis 1 0.045 
removed } 0 044 
1 0 055 
Controls 
ontrols 1 0.053 0.056 


* With only one principal lobe. 


present even if the blood sugar is normal. Insulin resistance is due 
mainly to the tissues. Replacing 85% of the blood of a dog with 
hypophyseal diabetes with blood from a normal dog, the resistance 
to insulin is not altered. Replacing 85% of the blood of a normal 
dog with blood from a dog suffering from hypophyseal diabetes, 
insulin produces the usual drop in the blood sugar, though the return 
to normal is more rapid (Fig. 12). 

The pancreas secretes less insulin than normally in dogs with 
anterior pituitary diabetes. If the pancreas of such an animal is 


| 


598 


Glycemia 


cr 


0,5 


— 


| 


0 


Fia. 


Fic. 


Pancreatic diabetes 
normal pancreas grafted 


Hours 


JUSSAY: DIABETES 


Hypophyseal diabetes 
normal pancreas grafted 


Hours 


10.-— Pancreas grafted for from 6 to 7 hours in the 
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11.—Composite curves of glycemia of dogs injected with 2 units of insulin per kg. 
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grafted into the neck of a pancreatectomized diabetic dog it causes 
a slight or fairly considerable fall in blood sugar, but this does not 
occur with the rapidity as when a normal pancreas is used (Fig. 10). 

Certain experiments can be cited as showing that there exists an 
antagonism or functional balance between pancreas and hypophysis. 
Krichesky'> has found there is an increase in the volume of the islet 
tissue in the pancreas of hypophysectomized rats. According to 
Kepinow and Guillaumie'* the pancreatic blood of hypophysec- 
tomized animals has a greater blood sugar lowering action than that 
of the controls. The hypoglycemic action of the systemic venous 
blood in hypophysectomized animals found by Cowley*® has not 

Glycemia 
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Fic. 12 Action of 2 units insulin per kg. intravenously on dogs with 3 blood- 
lettings (3.5°,0f body weight each), followed by equivalent transfusions. 
3 dogs with anterohypophyseal diabetes which received normal blood. 
- 5 normal dogs which received blood from dogs with hypophyseal dia- 
betes. 
$ normal dogs which received blood from normal dogs. (Houssay and 
Foglia, 1936. 


been confirmed by Di Benedetto.°” The stimulation of the peripheral 
end of the vagus causes an intense hypoglycemia in hypophysec- 
tomized dogs. 

Certain facts make one suspect there is hypersecretion of the 
diabetogenic hormone of the anterior pituitary lobe in diabetes. If 
blood from a pancreatic diabetic dog is transfused into a normal 
animal there is a secondary rise in the blood sugar which is not seen 
if the blood is taken from a pancreatectomized-hypophysectomized 
animal (Kepinow™!). Transfusion of blood of insulin-resistant 
subjects who have been treated with insulin does not cause hypo- 
glycemia, but it does so if it is provided by a non-insulin-resistant 
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subject (Boller, Ueberrak and Falta”). If the blood of diabetic 
adults is injected into rabbits it renders them insulin-resistant 
(Wesselow and Griffiths'®). According to Anselmino and Hoff- 
mann*:>° the blood of fasting diabetics causes a glycogenolytic 
action on injection in rats. Normal blood during fasting is inactive 
but acquires glycogenolytic or ketogenetic actions after a meal rich 
in carbohydrates. This is not seen in hypophysectomized animals. 

In acromegaly, there is frequently a raised blood sugar and 
glycosuria and there are arguments in favor of its hypophyseal 
origin.""?? Glycosuria and hyperglycemia are frequent in pituitary 
basophilism but it is not possible to say whether these are due to 
hyperadrenalism or hyperpituitarism. 

Thus in the absence of the pituitary, pancreatic diabetes is dimin- 
ished, excess of anterior pituitary causes an increase in this diabetes 
and can even produce an experimental diabetes, and is possibly the 
cause of acromegalic diabetes. The normal secretion of the anterior 
pituitary is one of the functional factors which contribute to the 
complete diabetic picture. Thus one may suppose there is probably 
some pituitary action in all diabetes. Further experiments should 
try to demonstrate and measure quantitatively this anterior pitui- 
tary factor. The secretion of the anterior pituitary works in an- 
tagonistic and reciprocal balance with the pancreas, thus reduction 
of the pancreatic function favors the anterior pituitary action and 
vice versa. 

Adrenal. Neither cortin nor any known adrenal substance has 
any diabetogenic properties.* Adrenalin causes an immediate hyper- 
glycemia and glycosuria but daily injection for weeks does not 
bring about diabetes. The adrenal secretion of adrenalin is not 
necessary for the maintenance of the blood sugar which remains 
normal in dogs with denervated adrenals or the adrenal medulla 
removed. A complete summary of the known facts on the influence 
of the adrenals on carbohydrate metabolism has been published 
by Leloir in 1934, 

Adrenalectomy produces hypersensitiveness to insulin® %!-1%%.134.168, 
188 which is also seen if only the medulla is removed!®:>-2."% or the 
gland denervated'!.?%. .154.1%.17 in all these cases the hypersecre- 
tion of adrenalin, which is stimulated by insulinic hypoglycemia, is 
suppressed and The great sensitiveness 
to insulin of patients suffering from Addison’s disease is well known. 

The other disturbances in the carbohydrate metabolism produced 
by adrenal insufficiency are due essentially to lack of the cortical 
hormone and do not occur immediately but appear in a progressive 
form. They are: 1, Gradual hypoglycemia which becomes marked 
only after a certain time;!” 2, rapid decrease and even disappearance 
of the liver glycogen;"'® 3, decrease or retardation of the re-synthesis 


* In normal or hypophyso-pancreatectomized dogs or toads. 
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during rest®* of muscular glycogen exhausted by tetanization (lig. 
13), and after injection of glucose®® (Fig. 14). 4, Decrease or absence 
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Fig. 13.--Each column represents the average values of muscle glycogen of one 
dog in mg. per 100 gm. White: immediately after fatigue. Black: after 1 hour 
rest. (Dambrosi, Leloir, Novelli, 1933.) 
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Fic. 14. Each column is the average muscle glycogen (mg.%) of one chloralosed 
dog. White: before. Black: after the injection of glucose (2 gm. per kg.) (Foglia, 
Fernindez, Leloir, Novelli, 1933.) 
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of the ability to form hepatic and muscle glycogen after injection of 
glucose.°® 5, Finally in a more advanced stage, a decrease in the 
muscle glycogen. 

Extract of adrenal cortex corrects all these symptoms and even 
overcompensates the formation of muscle glycogen**®>® (Figs. 13 
and 14). 

The adrenal cortex appears to increase the formation of glucose 
at the expanse of proteins in fasting, in pancreatic diabetes and 
in phloridzin diabetes®* and of glycogen during anoxemia."?” 

Pancreatic diabetes with all its usual intensity occurs after pan- 
createctomy in dogs deprived of the adrenal adrenalin secretion, 
whether this is by previous extirpation of the medullary substance,'"* 
131b,136.192 adrenal denervation, or total removal of the two sympathe- 
tic chains.“°> The attenuations which have been described after 
the partial denervation or other operations are usually transi- 
tory ,13:19%.29,70.180.182 and probably due to some unknown traumatic 
origin. In this way Rogoff and Ferrill (1936) correct their 5 previous 
papers which describe them. In other cases, the removal of the 
pancreas may not have been complete.*?*!% In human dia- 
betes, certain improvements have been noted,*5°**!'™!” but it is 
difficult to draw any definite conclusion. Recently Rogoff and 
Ferrill (1936) have asserted that the secretion of adrenalin dimin- 
ishes and may even cease altogether during the course of diabetes, 
thus it is illogical to try and bring this about by operation or radio- 
therapy. 

The influence which total extirpation of the adrenal may have 
on the development of pancreatic diabetes has been studied. In 
acute experiments where the pancreas and adrenal are simultane- 
ously removed, the animals remain in bad condition, survive only 
a short time and have no diabetic hyperglycemia®*:747:%¢:94.447,109. 
192.19 with rare exceptions,' although this may continue if it already 
existed.*¢ Lewis and Turcatti™** have shown, and Leloir has con- 
firmed,™'*> that if one adrenal and then the pancreas is removed 
and the animal kept in good condition with insulin during healing, 
on extirpation of the second adrenal and suspension of insulin there 
is a high diabetic hyperglycemia™:”:*4""%5* which can be greater 
than usual!*!*.>1358 and which persists until death, or slightly 
diminishes towards the end. ‘Thus the presence of the adrenal is 
not the cause of the diabetic hyperglycemia in pancreatectomized 
animals. 

Recent experiments show that suppression of the adrenals 
produces an attenuation of pancreatic diabetes in cats,®:5%14 
dogs" and toads.” Cats have been kept alive by Long and Lukens 
for 16 days, and in 1 case 28 days, without both glands and with 
cortin, compared with 4 days in the pancreatectomized animals. 
There was a marked decrease in the hy perglycemia and glycosuria, 
scanty ketonuria and no acidosis, no increase in the excretion of 
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nitrogen and a low I)/N ration. Houssay and Biasotti (1936) have 
observed low hyperglycemia in the pancreatectomized adrenalecto- 
mized toad (Fig. 15). The attenuation in the pancreatic diabetes 
brought about by adrenalectomy is similar to that brought about 
by hypophysectomy. ‘Three theories to explain these facts can be 
set forth: 1, the adrenal acts through the pituitary; 2, the pituitary 
acts through the adrenal; 3, both have independent actions with 
similar results. Long is inclined to accept the second hypothesis. * 
In reality cortin or adrenal extract has no diabetogenic action in 
cats or toads. The administration of the pars glandularis of the 
pituitary did not produce any effect in the cats of Long and Lukens, f 
but it produced an intense diabetes in our toads'®*: and maintained 
it in adrenalectomized dogs with pituitary diabetes.'” 

These investigations should be repeated in mammals, keeping 
them in good condition with cortical extract and salt and injected 
with active diabetogenic extracts. 

One of the strongest arguments in favor of a possible adrenal 
diabetogenic réle is that there is frequently hyperglycemia and 
glycosuria in cases of primitive hyperadrenalism or pituitary baso- 
philism. But in order to interpret these cases one can only put 
forward the afore-mentioned hypotheses. 

Thyroid. ‘Thyroidectomy increases the sensitiveness to insulin 
(Ducheneau, 1923; Bodanski, 1923) in rabbits®®:*°% guinea 
pigs,” rats," sheep,'® dogs®’*” and man;' this has been observed 
in cases of myxedema.'*'*" If the pituitary is removed in a 
thyroidectomized animal this sensitiveness is increased much more, 
as has been shown in rabbits (Cope and Marks, 1934) and in nor- 
mal'*> or pancreatectomized® dogs. These experiments all agree 
excepting those of Britton and Myers (1927) who find the increased 
sensitiveness is transitory and followed by an increase in resistance. 
Thyroid treatment increases the resistance of normal or thyroidec- 
tomized animals’ but if it is excessive it decreases it.26158 The 
sensitiveness of hypophysectomized rabbits to insulin is not attenu- 
ated (Cope and Marks, 1934). In cases of mild diabetes adminis- 
tration of thyroid increases the glycosuria and insulin causes it to 
disappear (Rosenberg). 

Thyroidectomy does not cure diabetes. Wolfson’s experiments 
(1927), and more especially those of Yriart (1930), show that the 
usual evolution of diabetes after total or subtotal pancreatectomy 
in the dog'®* is neither prevented nor cured by thyroidectomy. In 

* Because atrophy of the adrenals occurs in hypophysectomy, removal of the 
adrenal and pituitary prevent the production of a complete pancreatic diabetes, 
anterior pituitary extract increases the diabetes in pancreatectomized-hypophysec- 
tomized animals but not in pancreatectomized-adrenalectomized animals, adreno- 
tropic (pure ?) extract increases the attenuated diabetes of pancreatectomized- 
hypophysectomized animals. 

t Although it produced it in hypophysectomized-pancreatectomized animals it 
may not have been sufficiently active or the animals had not a sufficient glycogen 
eserve, 
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man, partial thyroidectomy has been ineffectual in treating diabetes, 
because although total thyroidectomy increases the tolerance to 
glucose the result does not justify the operation, as it is obtained 
at the cost of disagreeable symptoms of hypothyroidism (Wilder, 
Foster and Pemberton!*:!197), 

The administration of thyroid does not induce diabetes in normal 
animals, nor increase the glycosuria of hypophysectomized dogs 
without pancreas.’ In cases of hyperthyroidism it is not rare to 
find slight hyperglycemia and glycosuria!!?'5'%'5 but true dia- 
betes is not common (average 2.3°% according to the numerous 
statistics compiled by John, 1932, and some others.!!7-1!5119158 
Neither is hyperthyroidism common in diabetics (average 1.68% 
according to John’s statistics, 1932). But hyperthyroidism is an 
unfavorable factor in human diabetes and improvements can be 
obtained in the latter by subtotal thyroidectomy when both dis- 
eases coexist 

Sexual Factors. In castrated dogs and bitches we have observed 
pancreatic diabetes similar to those of normal animals. An increase 
of the sensitiveness to insulin has been found immediately after the 
castration, **'® although later a slight increase in insulin resistance 
‘an be 

The influence of pregnancy on pancreatic diabetes has been the 
object of various investigations which have given conflicting results. 
The first work was that of Carlson and Drennan. The most recent 
and valuable is that made by Cuthbert, Ivy and collaborators, in 
which they give a summary of the pertinent bibliography. Pan- 
createctomy in bitches at term may not produce hyperglycemia, 
4,30,31,82,52,129 if there are three or more fetuses present in the uterus 
and there may be hypersensitiveness to insulin. According to 
Cuthbert, Ivy and collaborators® in pancreatectomized bitches 
with uniform diet and insulin and slight glycosuria, pregnancy 
increases the glycosuria at first and later in advanced stages, the 
glycosuria is diminished as also the necessary dose of insulin; a 
greater reduction occurs during lactation. It seems that pregnancy 
nearing term causes a decrease in blood sugar in some,” though not 
all the bitches.2?'°* It is difficult to decide whether this improve- 
ment is due to passage of insulin from the fetus to the mother or to 
the changes which occur in the pituitary, liver or adrenals during 
pregnancy. 

Cuthbert, Ivy, Isaacs and Gray analyze the clinical aspects in 
the following phrases ‘‘A review of the postinsulin clinical literature 
on this subject reveals that some report that the pregnancy intensi- 
fies and others that it ameliorates the diabetes. Most agree that 
the state of early pregnancy intensifies or does not change the dia- 
betic condition and that lactation ameliorates it. Kramer!‘ recently 
on reviewing 110 cases in the literature, found that in late pregnancy 
the sugar tolerance was impaired in 29%, unchanged in 24 and 
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improved in 47°, of patients. Hypertrophy and hyperplastic 
islets have been observed in several infants born of diabetic mothers 
8959169 and hypoglycemic symptoms in such infants have also been 
observed.”"'7* In an especially valuable article written by White 
in Joslin’s book''’ she points out that there is no significant increase 
in tolerance. 

With the idea of inhibiting the action of the anterior pituitary 
lobe, the influence of injections of estrin on pancreatic diabetes and 
the sensitiveness to insulin has been tried (Barnes, Regan, Nelson, 
ete.). Treatment with estrin, before or after pancreatectomy, 
causes marked improvement in the hyperglycemia and glycosuria 
with longer survivals in dogs"? and monkeys.'"* In human 
diabetes, favorable results have also been but 
also no results.” 

Summary. |)iabetes is a disturbance of the carbohydrate metab- 
olism in which the normal balance of the regulating factors is altered. 

The muscular disturbances are secondary to functional changes 
in the liver and hormones (insulin, pituitary, adrenals). 

In this regulation the liver holds the most important part, since 
it is the organ which produces glucose and thus governs the blood 
sugar under the influence of the hormone equilibrium. If the liver 
is absent, diabetic hyperglycemia cannot occur. 

The production of each hormone is regulated and there is a recip- 
rocal equilibrium between them. 

The endocrine secretion of the pancreas has a fundamental role, 
since it maintains the blood sugar at normal level and prevents its 
increase and influences the production and consumption of glucose. 
The secretion of insulin is governed by the level of the blood sugar 
and vice versa. The central nervous system is not necessary for the 
normal secretion of insulin but comes into play if there are changes 
in the blood sugar. The vagus has only a secondary and accessory 
role causing a more rapid and perfect regulation in these cases. 

The presence of the anterior pituitary prevents hypoglycemia and 
the decrease in glycogen during fasting, diminishes the action of 
hypoglycemic agents and is necessary for the development of dia- 
betes in all its intensity. An excess of anterior pituitary secretion 
increases the diabetes or even will bring about a diabetic state 
(even when the adrenals, thyroid or pituitary is absent). It greatly 
increases the resistance to insulin even when the pancreas is absent 
and causes a decrease in the endocrine secretion of the pancreas. 

The adrenals have many actions. The sympathetic adrenal 
function is antagonistic to insulin. The lack of adrenal cortex brings 
about a gradual hypoglycemia with decreased storage and re-syn- 
thesis of glycogen and amelioration of the pancreatic diabetes. 
Cortin corrects the blood sugar level and glycogen, but is not dia- 
hetogenic. The possible diabetogenic action which is an explana- 
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tion of the hyperglycemias found in cases of hyperinterrenalism has 
not been proved. 

The thyroid favors the destruction of glycogen and decreases its 
formation. 

The sexual hormones and the pregnant state can influence dia- 
betes, possibly through the pituitary or liver or adrenals. 

An imperfect but suggestive conception of the diabetic state can 
be arrived at by considering the pancreas as an antidiabetic factor 
and the anterior pituitary, adrenals and thyroid as diabetogenic or 
diabetes stimulating factors. 

In all diabetes there is an insufficiency of insulin in relation to the 
needs of the organism, the actual secretion itself may be normal or 
increased. There is also an imperfect regulation of the endocrine 
secretion, since it cannot adjust itself to the needs of the organism 
in order to bring about a normal blood sugar level. 

In all diabetes there must surely be an anterior-pituitary factor, 
since this secretion, either normal or increased, augments diabetes. 
With similar reasoning one may suppose that the other glands 
(adrenals, thyroid and gonads) play a part in all diabetic states, 
either directly because of their specific function or through their 
influence on other organs. The importance of these actions has 
not yet been defined. 

The various forms of experimental diabetes are due to the destruc- 
tion of the normal equilibrium of all these factors. With time it 
is to be hoped it will be possible to establish what equilibrium exists 
in the various forms of diabetes, hyperglycemias and glycosurias 
met with in human diseases. This knowledge should give us a 
firmer basis for the exact diagnosis and treatment of these cases. 

It has been necessary to omit the extensive bibliography of this article; 
however, it will be included in the reprints for which requests can be forwarded 
to the author. 


OBSERVATIONS ON PROTAMINE ZINC INSULIN. 


By Russet, Ricuarpson, M.D., 
ASSISTANT PROFESSOR OF MEDICINE AND CHIEF OF METABOLIC SECTION, HOSPITAL OF 
THE UNIVERSITY OF PENNSYLVANIA, 


(From the George 8. Cox Medical Research Institute and the Metabolic Section of 
the Medical Clinic, Hospital of the University of Pennsylvania.) 

Since the publication of the earlier report on protamine insulin 
from this clinic there has been a marked improvement in the 
product. At that time it was not stable after the insulin and 
protamine buffer were mixed, and as a consequence was usable for 
only a short time. The addition of calcium or zinc to the prepara- 
tion increased its stability. Now the insulin and the protamine 
buffer with zinc are mixed at the time of making, and this product 
is stable for a period of about 6 months. The earlier preparations 
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seemed to exert a hypoglycemic influence for from 12 to 16 hours. 
This necessitated, in many patients who require a considerable 
number of units per day, the use of a second dose in order to control 
the blood sugar during the entire 24 hours. The combination of two 
injections of insulin during the day resulted in a double absorption 
often difficult to control from day to day. Hypoglycemic reactions, 
while not common, did appear to occur when the absorption of the 
two areas was not constant. 

The effectiveness of the mixed protamine zine insulin has been 
increased, so that it is at present active for a period of 24 hours after 
taking. ‘This is shown by the occurrence of hypoglycemic reactions 
24 hours after the dose has been taken. It is thus evident that the 
use of this preparation of insulin consists in giving, before breakfast, 
an amount sufficient for 24 hours, and so adjusting the food intake 
thut neither hyperglycemia nor hypoglycemia occur. In this way 
we approach as nearly as may be to the action of insulin as it is 
supposed to be in the normal individual. In a few patients requiring 
excessive amounts of insulin it may be advisable to make the adjust- 
ment on two doses daily. 

Transfer to Protamine Zine Insulin. The longer time during 
which protamine zinc insulin is effective in the body makes it 
possible to adjust the patient on one injection daily. This single 
injection is active for the full 24 hours. Insulin, on account of its 
short period of activity, is adjusted to the meals. Protamine zinc 
insulin, however, may be given once daily and the food adjusted 
to it. The greater convenience to the patient, as well as the more 
satisfactory balance which can be maintained between the absorp- 
tion of both the one dose of protamine zinc insulin and the food, make 
this perhaps the most satisfactory method of controlling the metabol- 
ism of the diabetic. 

The action of protamine zinc insulin is delayed so that the period 
of greatest effectiveness often occurs 12 or more hours after its 
administration. Furthermore, a definitely increasing activity is 
usually found for from several days to a week or more, so that the 
dose should not be increased until it is evident that the maximum 
effect has been obtained with the amount then being given. In 
starting the use of protamine zinc insulin four groups of patients 
may be recognized, namely: 1, those patients who have been 
taking a single dose of insulin daily; 2, those with two or more doses 
daily; 3, those who, while not taking any insulin, have only a trace 
of sugar during part of the day; and 4, those patients who, whether 
or not they have taken insulin in the past, are entirely out of adjust- 
ment and must be balanced anew on diet and insulin. 

1. Those patients who are sugar free with an adequate diet and 
one dose of insulin daily may be transferred to protamine zinc 
insulin by giving, 1 hour before breakfast, two-thirds the number of 
units of insulin previously used. With this should be given a 
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rearrange ment of diet which we have called for convenience the 

“protamine diet,’’ and which will be discussed later. Only a slight 
alteration in the amount of protamine zine insulin or in the distri- 
bution of the diet will usually be necessary in order to continue these 
patients in satisfactory adjustment. The blood sugar will then be 
found to be relatively constant throughout the day. 

Patients who are taking two or more doses of insulin daily 
with an adequate diet may be transferred to protamine zine insulin 
with little more difficulty than those of the previous group. In 
order to have the blood sugar as nearly normal as possible in the 
morning of the day on which the change is to be made, it is well to 
give, before supper the previous evening, a dose of protamine zine 
insulin equal to two-thirds the amount of insulin regularly used at 
that time. This may be followed, before retiring, by a small amount 
of slowly absorbing food such as } glass of milk with two saltine 
crackers containing about 10 gm. of carbohydrate. This will 
prevent any hypoglycemia during the night. On the following 
morning, | hour before breakfast, there is given a dose of protamine 
zinc insulin equal to two-thirds the total number of insulin units 
previously given during the 24 hours. After several days, during 
which the “protamine diet” is used, some alteration in the distribu- 
tion of the food and in the number of units given will insure satis- 
factory adjustment. Several days should elapse between changes 
in the dose of the protamine zine insulin, because the effect of an 
increase or decrease is not immediately evident. 

3. Some patients who are almost sugar free on an adequate 
diet may be brought into complete adjustment by the use of 5 or 
10 units of protamine zine insulin given from } to | hour before 
breakfast. With these patients it is often not necessary to alter 
the arrangement of the diet in any way. 

4. Patients who are completely out of balance may be given 
protamine zine insulin immediately if desired. However, on account 
of its delayed action and cumulative effect, it is probably more 
satisfactory at present to adjust these patients on diet with one or 
more doses of insulin, transferring them later to protamine ZINC 
insulin as described above. 

All of these changes can be made without hospitalization if care 
is used, and if the patient is under frequent observation. 

Diet. Dietary care is fully as necessary with protamine zinc 
insulin as with insulin. A diet composed of 1 gm. of protein per 
kilo of body weight, an amount of fat equal to or slightly less than 
that found in the diet of the non-diabetic (SO to 100 gm. daily) 
and an amount of carbohydrate sufficient to provide the requisite 
number of calories daily, will be found very satisfactory. An ade- 
quate diet should maintain the normal weight and strength of the 
patient at an optimum level. The rearrangement of the daily food 
intake, which we have called the “protamine diet” is made as follows: 
25 gm. of carbohydrate, reserved from the total daily intake, is 
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distributed as 5 gm. of starch between breakfast and lunch, and 
5 gm. between lunch and supper. The remaining 15 gm. is given 
before retiring in the form of crackers and milk, so that hypo- 
glycemia during the night is prevented. The remainder of the 
carbohydrate, together with the protein and fat, is then distributed 
among the three meals so that | of the food is given at breakfast 
and 2? at each of the other two meals. The morning and afternoon 
crackers, the later supper before retiring, and the distribution of 
food as described among the three regular meals all aid in preventing 
excessive hyper- or hypoglycemia. Some patients, after adjust- 
ment, may discontinue the use of the morning and afternoon 
crackers, though it is probably better to continue the late supper, 
especially if the regular supper is taken early. Otherwise there is 
too long a period without food between supper and breakfast. 

Urine Examinations. In order to check the balance between 
the protamine zine insulin and the food, 4 urine specimens may be 
collected, namely: 1, 7 A.M. to 11 a.M.; 2, 11 A.M. to 4 P.M.; 3, 
to 9 4,9 pm. to 7 am. If these specimens cannot be 
procured in toto, individual specimens taken at 11 A.M., 4 P.M., 
“po. and 7 a.m. will suffice to give the desired information regarding 
the balance of the insulin and food throughout the day. Alteration 
of the amount of the protamine zine insulin or of the amount or 
distribution of the food will bring about a satisfactory adjustment, 
and must, of course, be based on the results obtained in each 
individual case. 

Blood Sugar Determinations. Blood-sugar determinations need 
not be made until the urine contains no sugar, when a specimen of 
blood should be taken to determine, if possible, whether there is 
present a renal threshold above 180 mg. If a renal threshold higher 
than this is found, urine examinations cannot be depended upon to 
maintain a satisfactory adjustment. When all specimens of urine 
are sugar free further blood-sugar determinations should be made 
from time to time in order to ascertain whether the blood sugar is 
too close to the hypoglycemic level (60 to 70 mg.) or too close to the 
hyperglycemic level (160 to 170 mg.). 

Ilypoglycemic Reactions. Wypoglycemic reactions may occur 
following protamine zine insulin, but are less frequent and usually 
less severe than after insulin. They may appear at any time during 
the day or night, though they are most frequent at from 12 to 24 
hours after the injection. Their onset is slow and insidious as com- 
pared with those following insulin. This delay in their develop- 
nent, however, affords sufficient opportunity to initiate treatment 
if the patient will but observe their approach. The slower action of 
the protamine zine insulin frequently makes the reactions of longer 
duration so that they may be expected to recur at short intervals 
after being relieved by sugar. Except for one reaction which 
occurred early in our experience and which was very severe, we have 
not found any difficulty in controlling them with sugar. It has been 
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reported that reactions following the use of protamine zine insulin 
have responded less readily to treatment than reactions caused by 
insulin. While this has not been observed by patients regulated on 
the régime herein described, it is wise to caution users of this new 
product so that serious results may be avoided, as there are always 
variations in the response of different individuals to any treatment. 

Reactions usually follow: 1, too large a dose of protamine zinc 
insulin; 2, cumulation of its effect; 3, a too rapid increase in dosage 
while adjustment is being made; 4, the omission of all or part of a 
previous meal; and, 5, unusual exercise which greatly increases 
effectiveness of all insulin in lowering blood sugar. 

Symptoms of hypoglycemic reaction may sometimes not accom- 
pany even a very low blood sugar, but the occurrence of nervousness, 
weakness, sweating, drowsiness, headache, nausea, slight mental 
disturbances, tingling of the extremities, visual disturbances, or 
any other unusual sensation should warn the patient. If treatment 
is not promptly initiated unconsciousness and more serious results 
may follow. 

Treatment of reaction following protamine zine insulin consists 
in taking 5 to 10 gm. of glucose or other sugar such as orange juice, 
honey, or cane sugar dissolved in water. This should be followed by 
5 gm. of slowly absorbing carbohydrate, such as 2 saltine crackers, 
which should be repeated at intervals of an hour until the succeeding 
regular meal. If the reaction is severe, 10 to 20 gm. of glucose should 
be given intravenously. When in doubt about the approach of a 
reaction it is better for the patient to take 5 gm. of sugar and note 
the effect rather than allow the condition to proceed unchecked. 

Prevention of hypoglycemic reactions is possible by exercising 
care in the amount of protamine zinc insulin given and in the dis- 
tribution of food. The patient should also be warned about omitting 
or reducing meals or taking excessive exercise without a small 
amount of carbohydrate taken before hand. When the blood sugar 
tends to be low in the early morning the juice of an orange, sub- 
tracted from the breakfast, may well be taken at the same time as the 
injection, thus preventing any reaction before the time of breakfast. 
We always insist that patients become fully awake in the morning 
before taking their dose for the day, as we have seen several reactions 
occur because the injection was taken when a slight hypoglycemia 
was already present. 

Storage of Protamine Zinc Insulin. Protamine zinc insulin keeps 
well if properly cared for. Unopened packages should be stored in a 
refrigerator. Vials in use need not be kept cold, but should be 
protected from heat, extreme cold, or strong light. None should be 
used after the expiration date which is stamped on each package. 

Insulin. Wherever rapid action is required, insulin is more usefu! 
than protamine zinc insulin. It should still be used in the treatment 
of acidosis and infection and in preparation for operation and labor 
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It may also be given temporarily in small doses as an adjunct to 
protamine zine insulin during temporary conditions such as slight 
infections which upset the balance of the patient for a time. 

Restrictions of the Diabetic. We have found that our patients 
respond well if we explain that their condition entails only two 
definite restrictions in their daily lives, namely: 1, strict adherence 
to diet; and 2, the taking of one dose of protamine zine insulin 
daily. Beyond this they may live a practically normal life. 

REFERENCE. 
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(From the Department of Pathology of Wayne University College of Medicine, 
Detroit, and the Department of Pathology and Medicine of the 
William J. Seymour Hospital.) 

Various glucose tolerance tests have been used as aids in the 
diagnosis of diabetes mellitus. The multiplicity of these tests sug- 
gests that no ideal one has as vet been devised. Such a test would be 
specific, would occasion a minimum of discomfort to the patient, 
and would require a short period of time. The most important 
factor from the diagnostic standpoint is the specificity of the test. 
Recently the literature concerning the oral glucose tolerance tests 
has been excellently reviewed by Myers and McKean.* 

In the following study, 3 glucose tolerance tests were compared: 
the 3-hour I-dose test described by Janney and Isaacson*; the 
(i-hour 2-dose test of Traugott’; and the 1-hour 2-dose test pre- 
sented by Exton and Rose2# 

Vhree-Hour One-Dose Test. In the 3-hour test, the one most com- 
monly used in this country, the criterion of diabetes is a blood sugar 
level at the end of the third hour which is above the fasting level. 

This test was performed on a group of 59 non-diabetic patients 
taken at random from the medical wards of the William J. Seymour 
Hospital. Of this group 24 (40.7%) gave non-diabetic curves and 
49 (59.3%) gave curves which would be called diabetic according 
to the aforementioned criterion. These 35 were senile patients with 
a generalized arteriosclerosis. A typical blood sugar curve obtained 
in these arteriosclerotics follows: Fasting, 94 mg.; 1 hour, 208 mg.; 
2 hours, 183 mg.; 3 hours, 139 mg. 
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Figure | represents curves obtained with this test in a non- 
diabetic, a diabetic and an arteriosclerotic patient. It is impossible 
to decide from the curve whether the arteriosclerotic patient is 
diabetic or non-diabetic. 

Other evidences of the non-specificity of this test were brought 
out by Beeler, Bryan, Cathcart, and Fitz,! who found a diminished 
tolerance in nephritis, arteriosclerosis, rickets, cancer, diseases of 
the liver, obesity, exophthalmic goiter, arthritis and pituitary dis- 
orders. Leyton® also notices that “diabetic curves”’ may be ob- 
tained by this test in normal individuals. 


THREE-HOUR TEST 
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Fasting lhr. 2hr. 3hr. F. Lhr. 2hr. hr. F. lhr. 2hr. 


Fic. 1.—Typical 3-hour glucose tolerance tests. Note that the curve of the arterio 
sclerotic patient suggests diabetes. 


Another disadvantage of this test was demonstrated by Sweeney,’ 
who showed that the curve obtained is influenced by the composi- 
tion of the diet ingested during the 24 or 48 hours preceding the test. 
A high carbohydrate diet will increase the sugar tolerance; a high- 
protein diet will diminish the tolerance; and a high-fat diet will 
greatly decrease the glucose tolerance. Therefore, in order to de- 
termine the glucose tolerance accurately the test should be preceded 
by a regulated mixed diet for 2 or 3 days. It is obvious that the 
adoption of such a procedure is often quite impractical. 


Sixr-Hour Two-Dose Test. The 6-hour test is based on the principle 
of Allen’s Paradoxical Law, that the glucose tolerance limits in the 


diabetic are real while in the non-diabetic they are only appare nt 
In non-diabetics, the greater the amount of sugar given, the more 
utilized; this is not the case in the diabetic. 

In this test, blood for sugar determination is drawn in the fasting 
state and at hourly intervals for 6 succeeding hours. Immediate!) 


2o| Non-Diabetic Arte C t 

m 

= 120 

100 | 


i 


GOULD, ALTSHULER, MELLEN: GLUCOSE TOLERANCE TEST 613 
after the fasting blood specimen and again after the third-hour 
hlood specimen is obtained, a dose of 1.75 gm. of glucose per kilo- 
gram of body weight is ingested by the patient. In the diabetic the 
second dose of glucose will produce a second peak in the glucose 
level, and at the end of the sixth hour the blood sugar value will 
still be above the original fasting level. In the non-diabetic, the 
second dose of glucose may produce a slight rise, no rise or even a 
progressive decline in the glucose level, and at the end of the sixth 
hour the blood sugar value will be below the fasting level. 


Test 
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Fasting Thr. shr.4hr. Shr.ohr. F. Thr. 2hr. Shr. 4hr. 5hr.ehr, F. Shr.4hr. Shr 6hr. 


Fic. 2 ypical 6-hour 2-dose glucose tolerance tests. Note that the second 
lose in the arteriosclerotic patient is followed by a curve that rules out diabetes. 


The 6-hour test was performed on 13S patients of whom 44 were 
known diabetics, 52 senile patients with arteriosclerosis, and 62 
non-diabetic patients suffering from various diseases not associated 
with disturbances of carbohydrate metabolism. Figure 2 shows the 
typical curves obtained in this experiment. In the non-diabetics 
the 6-hour test showed normal curves. In the arteriosclerotics it is 
seen that at the end of the third hour, the curve resembles that 
found in the diabetic; however, after the second dose of glucose the 
peak is lower than the first peak and at the end of 6 hours the blood 
sugar level comes within 10 mg. of the fasting level. It becomes 
evident that the limit of tolerance in this group is only apparent 
and not real and that therefore these patients are not truly diabetic. 

In the group of 44 diabetic patients, both the 3-hour and 6-hour 
tests showed the same results. 

The 6-hour 2-dose test is specific but it has the disadvantages of 
requiring a great deal of laboratory work and of necessitating 7 
Venous punctures in addition to starving the patient for the greater 
part of a day. 
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One-Hour Two-Dose Test. The 1-hour 2-dose test is also based 
upon the principle of Allen’s Paradoxical Law but it has the ad- 
vantage of being shorter and of requiring fewer venous punctures 
and blood determinations. Exton and Rose also showed that the 
antecedent diet does not affect the blood sugar curves in this test. 
These investigators originally advised that the 100 gm. of glucose 
be dissolved in about 650 ce. of water flavored with lemon juice and 
that half of this solution be given after fasting specimens of blood 
and urine are obtained. At the end of 30 minutes, blood and urine 
samples are again taken and immediately thereafter the second half 
of the glucose solution is given. Thirty minutes later specimens of 
blood and urine are again collected. 

According to Exton and Rose “The typical criteria of normal 
responses to the l-hour 2-dose test are: (1) A fasting blood sugar 
within the normal limits of the particular blood sugar method em- 
ployed; (2) A rise in blood sugar which does not exceed 75 mg. in 
the 30-minute sample; (3) The blood sugar in the 60-minute sample 
is less, the same, or does not exceed the 30-minute sample by more 
than 5 mg.; and (4) All urine samples are negative to the Bene- 
dict’s test. 
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Fig. 3.—Typical 1-hour 2-dose glucose tolerance tests. Curves a and b of the non- 
diabetics and curve n of the arteriosclerotices fail to satisfy the criteria of Exton and 
Rose for the absence of diabetes. 


“The criteria for determining diabetes in the 1-hour 2-dose test 
are a more or less steep rise of not less than 10 mg. of blood sugar 
in the 60-minute sample following the second dose of glucose and 
the relation of the blood and urine sugar values to the severity of the 
disease.” 

In the present study, the general principles of the test proposed 
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by Exton and Rose were retained, but the technique and interpre- 
tation were somewhat altered. 

First, it seems logical that the weight of the patient should be 
taken into consideration in administering the glucose. Instead, 
therefore, of giving a standard amount to all patients regardless of 
size, the dosage of 1.75 gm. of glucose per kilo of body weight was 
retained. This calculated amount was then divided into 2 doses 
and given as described above. 

Second, each gram of glucose was dissolved in 2.5 ce. of water, 
making a 40° instead of a 15% solution. This was done because 
the patients objected to the ingestion of the large volume of liquid 
necessitated by the weaker solution. Furthermore, similar results 
were obtained by the use of either concentration of glucose. In 
comparative tests done on 6 normal and 6 known diabetic patients, 
identical curves were obtained with the 40° and 15°], solutions. 

This modified 1-hour 2-dose test was performed on 240 patients, 
of whom S2 were known diabetics, 30 were senile arteriosclerotics 
and 12S were patients with diseases known not to be associated with 
disturbances of carbohydrate metabolism. ‘Typical curves obtained 
with this test are shown in Figure 3. 

In this graph the following 4 types of curves obtained in the non- 
diabetic are shown: 


Fasting, } hour, 1 hour, 
Curve. mg. mg meg. 
a . 80 100 160 
b . 90 130 150 
c 90 120 120 
d 90 140 110 


The following types of curves were found among the arterio- 
sclerotics: 


Fasting, } hour, 1 hour, 
Curve, mg. mg mg. 
ae ; 75 100 100 
n sO 140 90 


The group of known diabetic patients showed the following types 
of curves: 


Fasting, 4 hour, 1 hour, 
Curve. mg. mg. mg. 
w 120 180 320 
x 80 200 240 
y 160 180 200 
Zz 120 150 180 


» 


As is demonstrated in Figure 3, curves a and b of the non-diabetic 
and curve n of the arteriosclerotics fail to satisfy the criteria for the 
absence of diabetes. Because of such instances it seemed that the 
criteria of Exton and Rose should be modified. 

These investigators claim that there is a clear-cut distinction 
between the form of the curve shown by the diabetic patient and 
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that shown by the non-diabetic patient in every single instance. 
Our findings, however, do not indicate this definite distinction in all 
eases. All of our diabetic patients satisfy the criteria of Exton and 
Rose for diabetes but so also do many of our non-diabetics. At 60 
minutes, 59 of 158 (fully 37%) of our non-diabetic patients (including 
arteriosclerotics) showed a blood sugar rise of at least LO mg. above 
the 30-minute level. These patients would be considered by Exton 
and Rose to be diabetic. 

An analysis of the figures obtained with this test in the three 
groups of patients showed that diabetes mellitus may be correctly 
diagnosed if at least 2 of the following 3 conditions are encountered: 
(1) A fasting blood sugar which exceeds 120 mg.¢%; (2) A half- 
hour blood sugar which exceeds the fasting level by 50 or more mg.; 
(3) A 1-hour blood sugar which exceeds the half hour level by 30 or 
more mg. 

Our findings indicate that if a curve is obtained in which at least 
2 of these 3 conditions do not exist, a diagnosis of diabetes mellitus 
is not justified. The equivocal curves were easily classified by 
applying this standard. 

In order to test these standards, both the 6-hour and the |-hour 
2-dose tests were performed on 45 patients. The results are shown 
in the following table: 


CLASSIFICATION OF PATIENTS BY VARIOUS TESTS. 


No. of Criteria of 
patients. Six-hour test Exton and Kose Author's criteria, 
. Diabetic Diabetic Diabetic 
. . . Non-diabetic Non-diabetice Non-diahbet ic 
S . . . . Non-diabetic Diabetic Non-diabetic 


Taking the 6-hour 2-dose test as the standard of the presence or 
absence of diabetes, an analysis of these figures shows that the 
l-hour test using Exton and Rose's criteria is 10067, sensitive but 
only 50% specific. However, by applying the authors’ criteria 
the test becomes 97% sensitive and 10007 specific. 

Conclusions. 1. The 3-hour |-dose glucose tolerance test is not 
specific for the diagnosis of diabetes mellitus. 

2. By using a 2-dose test, and thus applying Allen's Paradoxical 
Law, the true glucose tolerance can be determined and the diabetic 
ditferentiated from the non-diabetic patient. 

3. While the 6-hour 2-dose test is specific in making this difler- 
entiation, it has the disadvantages of requiring a great deal of 
laboratory work and of causing a good deal of discomfort to the 
patient. 

4. New criteria are proposed for the diagnosis of diabetes mellitus 
by the use of the 1-hour 2-dose glucose tolerance test. 

The authors wish to express their appreciation to Miss Mary Winters and Miss 
Grace Kercher for their technical assistance. 
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THE BLOOD KETONE CURVE AFTER A FAT TOLERANCE TEST.* 
By S. S. Kauvar, M.D., 


LIBMAN FELLOW FROM MONTEFIORE HOSPITAL, NEW YORK. 


From the Propwdeutie Clinie and Laboratory for General Pathology, Municipal 
University of Amsterdam (Director, Prof. 1. Snapper), Amsterdam, Netherlands.) 


Ketogenesis. Ketone bodies are a regular product of the inter- 
mediary metabolism of naturally occurring fatty acids by the process 
of beta oxidation. They are thus present in the blood normally, 
although in very small quantities. Hyperketonemia may result 
from an abnormal tendency to produce ketones or from an inability 
to oxidize them when they are formed. When for various reasons 
the breakdown of fatty acids is excessive, the ketone bodies accumu- 
late in the blood; and, according to the prevailing theory, ketones 
are not further oxidized unless glucose is simultaneously burned. 
How this assistance to fat combustion is obtained is veiled in the 
obscurity that surrounds intermediate fat metabolism in general. 
The concept that “fat burns in the flame of carbohydrates” has 
led to much fruitful work on the subject of ketogenesis and anti- 
ketogenesis. ‘The experimental evidence and the attempted formu- 
lation of a quantitative theory as to the rdle of carbohydrate in 
fat oxidation is adequately reviewed by Peters and Van Slyke.” 
They conclude that ketosis is due to the fact that ketones are not 
oxidized because of lack of carbohydrate in the metabolic mixture. 
This lack may be caused by insufficient exogenous supply of carbo- 
hydrate forming material, deficient endogenous stores, or impaired 
ability to oxidize carbohydrates. 

That ketosis may also be the result of overproduction of ketone 
bodies is evident from studies on the physiology of the liver. This 
organ is the important site of ketone formation, as shown by per- 
fusion experiments, by incubating fatty acids with liver slices (mano- 
metric technique of Warburg,'*) and by studies after hepatectomy 
(Mann). The rapid disappearance of the hyperketonemia of depan- 
creatized dogs*® after hepatectomy lends support to the theory of 
ketosis by overproduction. A definite parallelism exists here be- 
tween the metabolism of fat and carbohydrates. This may be illus- 
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trated in experimental pancreatectomy where a disturbance is set 
up in carbohydrate metabolism characterized by increased glyconeo- 
genesis and underutilization of glucose; and by a disturbance in 
fat metabolism evidenced by increased lipemia due to augmented 
rate of mobilization of depot fat with accumulation of fat in the 
liver. Augmented breakdown of fatty acids ensues with the produc- 
tion of excessive ketone bodies and a rapid loss in body fat is noted. 
The administration of insulin restores the ability to metabolize fats 
in a normal manner and ketosis disappears. This fatty infiltration 
of the liver is associated with a multiplicity of clinical and experi- 
mental conditions; but the mechanism of its production is unknown, 
and the interference with liver function is not uniform. The subject 
is ably reviewed by Best®** who has been able to prevent and 
cure accumulation of excess fat in the liver with choline. The entire 
problem is complicated by species difference in the ability to metab- 
olize fats without ketosis, and by the possibility that fatty acids 
can undergo conversion to glucose, and glycogen may be an inter- 
mediate product in this process." 

Experimental and clinical observations are to be found in the 
recent literature which show that either directly or indirectly the 
pituitary gland influences metabolism of fat. The classical work of 
Houssay,'* amply confirmed, demonstrated that the cardinal symp- 
toms of pancreatic diabetes including ketosis were considerably 
ameliorated when the hypophysis was removed. If small amounts 
of anterior pituitary extract are injected into the Houssay dog, symp- 
toms develop including a return of ketosis. The more recent work 
of Long and his collaborators reviewed by Barr,‘ tends to the con- 
clusion that the action of the pituitary substance is possible only 
through the mediation of the adrenal cortex. That this is an ante- 
rior pituitary substance and is a special hormone, is the contention 
of Anselmino and Hoffmann,’ whose work has been confirmed by some 
of those who have repeated it. Those isolating a ketogenic fraction 
from the anterior pituitary claim it is distinct from other pituitary 
factors and that the ketosis it produces is not associated with hyper- 
glycemia. The present status of the ketogenic hormone, its specific- 
ity, nature, theory of action, etc., is well summarized by Collip.® 
Anselmino and Hoffmann also state that the blood of patients in 
whom ketosis has been induced by a fat meal, when injected into 
test animals, causes a degree of ketosis similar to that which follows 
injection of their anterior pituitary factor, from which they conclude 
they have demonstrated this hormone in the circulating blood at the 
height of fat digestion. 

Raab* concludes that it is the hormones of the posterior pituitary 
which play a réle in fat metabolism. Blottner,’ after fat tolerance 
tests, concludes that insulin and extract of posterior pituitary have 
effects on fat metabolism that are of opposite nature. The clinical 
problems of fat metabolism have for long been correlated with gland- 


KAUVAR: THE BLOOD KETONE CURVE 619 


ular and central nervous system lesions, especially in the dienceph- 
alon. It seems sufficiently established to take into account a hor- 
monal regulatory factor controlling fat combustion and hence 
ketosis, and this gives additional support to the theory of over- 
production of ketone bodies as the cause of ketosis. 

The actual ketosis in diseased states must be due to various 
gradations and combinations of endocrinal and metabolic factors 
modified by local conditions in the organs where ketone formation 
and oxidation take place."*> Severe diseases of the liver, muscles or 
kidneys, per se, are rarely characterized by ketosis. 

Ketonemia. No extensive studies of the ketone bodies in the 
blood are available. They have usually been estimated indirectly 
but neither the concentration of acetone in the urine nor determina- 
tion of the alkaline reserve afford an accurate measure of ketonemia. 
Direct methods exist and depend on iodometric, colorimetric or 
gravimetric determination. This last, as in the method of Van 
Slyke, is the simplest and most specific when one wishes to measure 
the presence or extent of a definite ketosis. By this method under 
normal conditions, the ketone bodies seldom exceed 1 mg. %.% 
Hubbard’ by iodometric methods states the normal is from 0 to 3; 
Leites’ co-workers” report much higher figures. By the colorimetric 
method Goldzieher" finds 0 to 4. There is no agreement as to what 
the normal level is. Hyperketonemia is reported in alkalosis, preg- 
nancy, starvation; according to Moore” in children, pyrexia, recur- 
rent vomiting; and in glycogen disease, diabetes mellitus, ete. In 
a well controlled diabetic there is usually less than 5 mg. %; in 
coma these values rise to 300 and more mg. %. 

Fat Tolerance Tests.— Although fat tolerance tests have been tried 
experimentally in many conditions, there is no agreement in the 
literature on the blood fat values in alimentary lipemia. A blood 
fat curve at best can only express a relationship between variations 
in absorption, mobilization or utilization, and storage. Wechsler,?? 
in a search for the normal curve, obtained three patterns. The 
ascending type with a slow, non-progressive rise in total fats with 
slow return to fasting levels; the flat curve, although not a straight 
line, showed little variation from the fasting level; the descending 
curve with a progressive or steep decline and subsequent rise to the 
base line. No explanation is offered for the decrease in blood fat 
but other experiments in confirmation are cited. Sullivan and Fersh- 
stand** in determining fat absorption by the volumetric lipokrit 
method were able to obtain curves of a definite pattern in normal 
persons with a maximum rise of 65° in 6 hours, and a return to the 
fasting state in 9 hours. In diabetes, however, the curve was as in 
the normal except that 9 hours postprandially the level was still 
elevated to +42%. In diseases of the liver the absorption was 
diminished, at 6 hours +17%; and delayed, at 9 hours, +22%. 
The capacity of the organism to remove fats from the blood stream 
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is increased by feeding fats.*!. This may be due to the fact that the 
fat metabolism hormone appears in the blood after the ingestion 
of fat. It has been noted that the second feeding of fat after hyper- 
lipemia was established caused no further rise in the blood-fat level. 
No one has been able to obtain consistent fat-tolerance curves in 
animals partly because of the variation in the rate of fat absorption. 

In general, very little is known about alimentary ketonemia. 
It was noted that the greatest lipemia goes hand in hand with the 
greatest ketosis.° Leites'’ states there is an adequate autoregula- 
tion of fat metabolism. When neutral fats and ketones are low, fat 
feeding leads to an increase, and when they are high, to a decrease, 
and that if lipemia and ketonemia are raised by fat feeding, a second 
test meal lowers the level. Goldzieher, Sherman and Alperstein' 
report that in their series of cases there is a physiologic rise in 
blood ketones after a fat meal, which they consider is due to stimu- 
lation of ketogenic hormone, but half their cases did not show it and 
that these were cases of pituitary deficiency. In most of these there 
was a drop in the level which they consider due to absence of keto- 
genic hormone. The following investigations were made to study 
ketonemia before and after a fat-tolerance test. 


Methods. Blood ketone determinations were made on a series of patients 
after routine overnight fasts by the gravimetric method of Van Slyke? 
Most of the patients were given a fat-tolerance test consisting of 75 gm. of 
butter on 15 gm. of gluten bread. This bread is very light and 15 gm. pro- 
vides considerable surface. The meal was usually consumed within 15 
minutes and the patients ate nothing further until conclusion of the test. 
Samples of blood were taken after 2, 3 and 5 hours and analyzed in the same 
way as the fasting sample. In some cases the blood glucose was simul- 
taneously determined by the method of Folin and Wu. 

These patients were all carefully investigated in the wards or out-patient 
department and the usual clinical and laboratory findings established the 
diagnoses. 

Total ketones were determined and are expressed in mg. ‘, as acetone. 
Readings of zero mean less than 1 mg. ‘; as this is the limit of sensitivity 
and accuracy with this method. 


Results and Comment. The control series (Table 1), show no 
ketonemia exceeding 1 mg. % in the fasting state in contradistine- 
tion to the cases of glycogen disease and diabetes mellitus. After 
the fat meal, the blood-ketone level remains flat and no hyperketo- 
nemia exists. In persons, then, who have no disturbance in carbo- 
hydrate or fat metabolism, the fat tolerance test provokes no 
physiologic rise in ketonemia above the threshold of 1 mg. %. 
Three cases of muscular disease were included in the series and 5 
cases of liver cirrhosis because of the part these diseased organs 
might play in ketosis. These results are not in accord with the 
figures of Leites,” who used a similar test but an iodometric deter- 
mination. Tis figures, even when reduced to terms of ketones as 
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acetone, are much higher than any usually quoted. Goldzieher"™ 
does not give actual figures for all his cases. 


TABLE 1 Bioop Kerone Curve Arrer Fat-ToLERANCE TEST. 


lotal ketones as acetone in mg. % 


No. Sex. Diagnosis. Fasting. 2 hrs 3 Comment, 
] M Muscular atrophy 0 0 0 0 
0 0 0 0 1 week later. 

2 M Myasthenia gravis 0 0 0 0 

3 Myasthenia gravis 0 0 0 

4 M Colitis 0 0 0 0 

5 I Colitis 0 0 0 0 

6 r Cholecystitis and obesity 0 0 0 0 

7 bk Cholecystitis and obesity 0 0 0 0 

8 M Tuberculosis 0 0 0 0 

9 Ik Tuberculosis 0 0 0 0 

10 F Cardiac 0 0 0 0 

ll KF Cardiac 0 0 0 0 125 gm. butter. 

12 I Cardiac 0 0 0 0 

13 } Rheumatic fever 0 0 0 0 

Leukemia 0 0 0 B. M. R. +58. 

15 F Dermatitis and obesity 0 0 0 0 

16 F Simple obesity 0 0 0 0 15 vrs. 105 kg. 

17 Fr Normal 0 0 v0 0 Child. 

18 F Normal 0 0 0 0 

19 I Normal 0 0 0 0 

20 M Normal 0 0 0 0 

21 k Cirrhosis 0 0 0 0 Lues. 

22 M Cirrhosis 0 0 0 0 

23 M Cirrhosis 0 0 0 0 Lues. 

24 M Cirrhosis 0 0 0 0 

25 M Cirrhosis 0 0 0 0 

26 M Nephritis 0 0 0 0 

27 } Arthritis and obesity 0 0 0 0 

28 F Gastric ulcer 0 0 0 0 

29 } Diabetes mellitus 5.5 Controlled with in- 
sulin. 

30 1 Diabetes mellitus 9.6 Not controlled, 

31 I Diabetes mellitus 84.7 Coma. 

32 I Diabetes mellitus 102.5 Coma. 

33 M Diabetes mellitus 156.6 Coma. 

34 l Glycogen disease 20.4 Previously report- 
ed.! 


Table 2 includes all cases of myxedema examined and each was 
found to develop hyperketonemia after the fat meal. Myxedema- 
tous patients usually have hyperlipemia in the fasting state and 
as the results show, no hyperketonemia. Since there is no evidence 
that the ability of the myxedematous organism to burn ketones is 
impaired, there must be then an abnormal tendency to produce 
ketones. This may be the result of augmented oxidation of fatty 
acids, which, if it is under hormonal regulation, means the organism 
responds to a fat meal with an overproduction of ketogenic hormone. 
That the pituitary is hypertrophic in some cases is well known; 
that this may occur experimentally after thyroidectomy is estab- 
lished.'8 Further inferential evidence can be derived from Aron’s* 
observation of overproduction of thyrotropic iiormone in myxedema. 
There is also the fact that, lacking thyroid hormone, these patients 
lack one of the inhibitory factors controlling pituitary secretions. 
The overproduction of ketogenic hormone is evident whether treat- 
ment was instituted or not. Thyroid therapy does not cure myx- 
edema but alleviates some of the symptoms, in therapeutic doses 
it is not sufficient to inhibit the hyperhormonemia, 
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TaBLe 2.—Bioop Ketone CurvVE IN MyxepemMatrous FEMALES. 


Chole- Ketones mg. %. 

Virst sterol, Present, Cholesterol, 
No. B.M.R. mg. %. Fasting. 2 hrs. 3 $ B. M. R. mg. %. 
35 —14 364 0 11.9 2.0 14 Untreated 
36 — 30 oe 0 16.3 3.9 3.3 ; 160 
37 — 22 0 3.9 2.3 5.0 Untreated 
38 —18 476 0 1.6 2.4 5.7 +10 106) ters 
39 —29 266 0 3.9 1.4 4.7 Untreated Paints 
40 —40 a 0 0 3.8 3.2 + () 
41 —12 320 3.3 3.3 +S 150 
42 —19 aA 0 1.3 1.9 6.2 2 
43 —15 200 0 §.2 5.0 6.8 Untreated 


Other conditions in which disturbed production of pituitary 
hormones might be expected on clinical grounds were then studied. 


TaBLeE 3.—Bioop CuRVE IN OTHER ENDOCRINOPATHIES. 


Ketones in mg. % 


No. Sex. Diagnosis. Fasting. 2 hrs. 3 5 Comments. 
44 N Acromegaly 0 0 0 0 Post Roentgen ray therapy. 
45 kr Simmonds’ 0 0 0 0 
46 Chromophobe- 
adenoma 0 0 0 0 Postoperative. 
47 F Cushing's 0 0 0 0 Post Roentgen-ray therapy. 
48 F Cushing's 0 5.0 4.0 1.2 
49 F Cushing's 0 7.5 0 0 
0 9.5 0 0 Repeated 2 days later. 
0 ey 0 0 11 days menformone therapy 
0 §.7 0 0 7 days after therapy. 
50 Fk Pregnancy By 8.9 13.8 25.2 
51 F Pregnancy 8.6 Toxemia. 
2.3 1.6 3.4 70 3 weeks later. 
1.4 0 5.0 4.6 50 gm. glucose 1} hrs. before 
test. 
52 F Pregnancy a: 5.3 1.9 6.5 
53 kr Pregnancy 1.2 1.8 No fat test. 
54 F Hirsutism 0 6.2 2.4 3.8 B. M. R. +13. 
55 M Cretin 0 0 0 0 Treated. 
6 I Cretin 0 0 0 0 Treated. 
57 F Cretin 0 0 0 0 Treated. 
58 r Cretin 0 0 0 0 Treated. 
59 M Cretin 0 1.2 3.2 2.5 Untreated, 


The acromegalic in Table 3 and the first case of Cushing’s disease 
were treated previously with irradiation to the hypophysis and gave 
normal curves. The second exhibited transient but considerable 
hyperketonemia on two occasions, which was reduced after men- 
formone therapy which restored the normal menses to the patient 
who had been without them. After the therapy was discontinued, 
the ketosis after the fat meal was again more severe. The third 
case gave a hyperketonemic curve resembling the cases of myx- 
edema, as did the patient with hirsutism. Simmonds’ disease was 
negative, as was the chromophobe adenoma. 

During pregnancy the concentration of ketone bodies in the blood 
rises. A pregnancy test based on this observation was advocated 
by Adlersberg and Porges.'! It is also possible to provoke ketosis 
more rapidly and easily by carbohydrate starvation during preg- 
nancy. Even without starvation, vomiting, or toxemia, ketosis 
is sometimes present. Pregnancy is also characterized by hyper- 
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hormonemia and modern pregnancy tests are based on this. In 
the gravida examined, there was ketonemia in the fasting state but 
very little more than normally. As the glycogen supply of the liver 
is easily exhausted and hyperlipemia exists, indicating mobiliza- 
tion of fat, this ketonemia is to be expected. After a fat meal the 
ketosis rises progressively to very high values. Fat combustion 
already augmented is greatly intensified by the overproduction of 
ketogenic hormone in response to the fat meal. Administration of 
glucose did not materially affect the ketonemia. 

The four cretins, all treated with thyroid from an early age, did 
not show a hyperketonemic curve as did patients with myxedema; 
the fifth, untreated, did. It cannot be stated from this test whether 
the cretinism involves dysfunction of the fat metabolism hormone 
of the pituitary, or whether normal function was restored by therapy 
which in some cases was inadequate. It must be emphasized here 
that an underproduction or lack of ketogenic hormone will lead to 
no ketosis and hence the curve will be indistinguishable from that 
of normal controls. ‘This may be the explanation for the flat curves 
obtained in several cases of hyperthyroidism, Cases 60 to65 inclusive. 
If, however, the fasting ketonemia was elevated (Cases 66 to 69 
inclusive) the response to the fat feeding was a drop in ketonemic 
level in the absorptive period with the return in the postabsorptive 
stage to the fasting level. 


TaBLe 4.— BLoop Ketone Curve IN ENDOCRINOPATHIES WITH FAsTING 
HyYPERKETONEMIA. 
Ketones in mg. %. 
No. Sex Diagnosis. Fasting. 2 hrs. 3 5 Comments. 
60 } Non-toxic goiter 0 0 0 0 Normal B. M. R. Menstru- 
ating. 
61 F Hyperthyroid 0 0 0 0 ee therapy 10 
aays. 
62 F Hyperthyroid 0 0 0 0 B. M. R. +63. 
63 ¥ Hyperthyroid 0 0 0 0 B. M. R. +56. 
64 F Exophthalmic 
goiter 0 0 0 0 B. M. R. +39. 
0 0 0 0 B. M. R. + 16; 4 weeks post- 
thyroidectomy. 
65 F Exophthalmic 
goiter 0 0 0 0 B. M. R. +62. 
66 I Exophthalmic 
goiter 5.2 0 0 6.2 Sugar tolerance abnormal. 
2.7 1.4 2.9 3.3 No fat given; B. M. R, +61. 
67 F Exophthalmic 
goiter 2.9 0 i) 2.2 B. M, R. +59; menstruating. 
0 0 0 0 B. M. R. +4; 3 weeks post- 
thyroidectomy. 
68 F Exophthalmic 4.9 0 0 6.2 B. M. R. +31; sugar toler- 
goiter ance abnormal. 
0 0 0 0 B. M. R. +8; 3 weeks post- 
thyroidectomy. 
69 F Exophthalmic 5.0 0 0 4.9 B. M. R. +50. 
goiter 0 0 0 0 B. M. R. +6; 2 weeks post- 
thyroidectomy. 
70 M Fréhlich 9.4 0 0 4.3 
71 F Lorain-Levi 6.6 0 0 3.9 B. M. R. —15; cholesterol 274 
72 F Obesity 6.8 0 0 2.4 Pituitary type. 
73 F Obesity 3.8 0 0 2.9 Pituitary type. 
74 F Endocrinopathy 7.0 0 0 3.9 
75 F Endocrinopathy 5.0 0 0 4.9 \yp 
Normal 0 0 0 0 
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That there should be a fasting hyperketonemia in hyperthyroid- 
ism at times can be explained more readily than why fat feeding 
should abolish it. It is not apparently a function of the height of the 
metabolism. It may be an expression of liver damage. In hyper- 
thyroidism a pseudodiabetic state may exist, but there is no impair- 
ment of glucose oxidation. There is a tendency to glycogen forma- 
tion and to depletion of liver glycogen stores, and to hyperglycemia 
in early stages with insulin sensitivity. There is concomitantly a 
greater metabolism of fat with hyperlipemic stages and storage in 
the liver, mobilization of depot fat and loss in weight. Hypolipemic 
stages are also noted. Hepler’ reviewed the controversial evidence 
of fat tolerance in hyperthyroidism and reported experiments to 
show that lipemia varied with the stage of hyperthyroidism. 
Whether the fat is streaming to the liver for transformation to carbo- 
hydrate is still an unsettled question. There is at least in some cases, 
augmented oxidation giving rise to ketones because ketosis has been 
observed by many in Graves’ disease. In these cases ketosis was 
abolished by the fat meal because, perhaps, there is no ketogenic 
secretion precluding the oxidation of the fat which was fed, the 
absorption of which temporarily prevents the augmented oxidation 
of endogenous fat. Those cases examined after thyroidectomy all 
showed a normal curve. 

Other endocrine cases (70 to 75 inclusive), with a definite fasting 
hyperketonemia also showed a drop after the fat meal. That these 
must also be attributed to a combination of disturbed intermediate 
metabolism and absence of tropic hormone secretion is probable. 
Patients 75 and 76 were twin girls, 11 years of age, blondes, who 
formerly looked alike. In recent months one began to develop an 
endocrinal disturbance demonstrated by headache, well developed 
mamme, pubic hair, and a thickness of the face and body associated 
with mental retardation, and was quite unlike the twin sister who 
is mentally alert and shows no signs of puberty. The basal metab- 
olism and cholesterol of both were quite similar and within normal 
limits. The sella turcica was normal in each, the fundi were normal. 
The child with endocrinopathy had a slight but measurable exoph- 
thalmos. The normal one of the twins has a negative ketone curve 
but the other shows definitely a fasting ketosis. 

Because of the work of Best®” on fatty infiltration of the liver and 
its prevention and cure with choline, the following patients are 
included, who gave typical hyperketonemic curves, and in whom 
the hyperketonemia might well be due to fatty livers. The last 2 
cases were treated with choline. While on their regular diet the 
day after the first test they received 1 gm. of choline each, which 
dose was repeated on the second day, and the third day 2 hours 
before the fat tolerance test was repeated, they each received 200 mg. 
The results of the test after choline administration show that fasting 
ketosis was abolished and a marked drop in the ketonemic level 
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after fat feeding took place. This is definitely against the theory that 
the action of choline is to accelerate the metabolism of fat in the 


liver. 
Tasie 5.--Bioop Kerone Curves Arrer CHoLiIne THERAPY. 
Ketones in mg. %. 
No. Sex Diagnosis. Fasting. 2 hrs. 3 hrs 5 hrs Comments. 
77 l Hepato-splenomegaly 5.0 3.7 4.3 1.2 
7s Hepatomegaly, colitis 0 2.6 3.7 
79 J Cyclic acetonuric vomiting 5.5 12.6 10.1 4.9 
0 5.4 0 1.2 After choline. 
80 l Chronic glomerulonephritis 0 8.6 4.7 1.8 
0 3.7 1.2 0 After choline 


The last table shows that before and after the fat tolerance test 
there is no variation of the blood glucose level beyond normal limits. 
In no case was hyperglycemia or hypoglycemia noted. ‘The general 
tendency in those patients developing hyperketonemia after fat 
feeding, was towards a lower glycemic level. 


Paste 6.— DETERMINATION OF BLOOD SUGAR IN MG. ©) SIMULTANEOUSLY WITH 
Ketones Berore AND AFTER Fat ToLerance Test. 


No. Diagnosis, Fasting. 2 hrs. 3 hrs. 5 hrs 
36 Myxedema SS 76 SO S4 
37 Myxedema 100 YS S6 104 
38 Myxedema S2 7s 92 96 
1 Myxedema SO 70 74 SU 
35 Myxedema SO SO 86 SO 
10 Cardiac 92 100 100 SS 
22 Cirrhosis SS S6 7s 86 
15 Dermatitis O4 96 S&S 90 
19 Cushing's O4 78 SS 
5S Cretin S4 S82 
66 Graves’ SO SS SO sO 
71 Endocrinopathy 96 
50 Pregnancy SO S4 S4 76 
9 Tuberculosis S4 78 90 80 
12 Cardiac 76 78 78 82 
5 Endocrinopathy SO 78 


Conclusions. Normally no significant ketonemia exists and after 
a fat tolerance test hyperketonemia does not develop. If the fat 
meal provokes increased secretion of ketogenic hormone, fat com- 
bustion is augmented and hyperketonemia develops. Such a test 
meal will not differentiate stimulation of normal quantities of 
ketogenic hormone from lack of it as neither condition results in 
ketosis. 

Hyperketonemia in the fasting state is indicative of augmented 
endogenous fat metabolism associated disturbance of carbohydrate 
metabolism, or inability to oxidize ketones formed in the course 
of intermediate fat oxidation. When hyperketonemia exists a fat 
tolerance test will result in increased ketosis, decreased ketosis, or 
constant ketosis depending on the increased, decreased, or normal 
secretion of ketogenic hormone respectively, but the state of fatty 
infiltration of the liver can modify the results independently of the 
endocrine balance. 
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Myxedema is a condition in which a fat meal calls forth excessive 
ketogenic hormone and hyperthyroidism is the reverse. Conditions 
clinically attributed to hyperfunction of the pituitary react like the 
former with ketosis, those due to underfunction give rise to no 
ketosis after the test, as in the latter. 

Summary. A fat tolerance test is described with the level of the 
blood ketones as the indicator. ‘This is a useful procedure in elucidat- 
ing disturbances in fat metabolism and its endocrinal regulation. 

The blood ketone curve after this fat tolerance test is deseribed 
and its interpretation is discussed in a series of control cases and a 
series of endocrinopathies. 
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THE TOXICITY AND EFFECT OF CONGO RED UPON BLOOD 
COAGULATION. 
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ConaGo red has been employed, among other clinical tests, for 
the estimation of the functional state of the reticulo-endothelial 
system and asa test for amyloid disease.” It has also been used 
empirically in treating pernicious anemia.’ The dye is reported 
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to be advantageous as a hemostatic agent in cases of pulmonary 
tuberculosis,'“ uterine bleeding,>"! teeth extraction in hemophiliacs® 
and purpura hemorrhagica." 

In studying the effect of Congo red on coagulation time, Becker! 
injected 5 patients who were bleeding (4 from the lungs) with 
Congo red and obtained almost immediate arrest of the bleeding. 
Coagulation time determined 24 hours after injection was found to 
be diminished. The most significant changes which Becker ob- 
tained, however, were in those cases where the coagulation time was 
abnormally long before injection. When the same patients were 
tested 3 days later, the coagulation time was normal and further 
injection of the dye reduced the time only slightly, if at all. This 
finding raises the question, Does Congo red shorten coagulation 
time which is already within the normal range’ 

Behr, using the coagulation time method of Heubner and Ronna, 
reports an increased coagulation (decreased coagulation time) in 
patients having non-infectious disease, following the injection of 
the dye. Likewise, Wedekind'® reports increased coagulation 
(Burker’s method) in normal patients and those without infectious 
disease. Belonoschkin and Wo6hlisch,’ using normal students as 
subjects, claim to have demonstrated an increased fibrinogen con- 
tent of the blood 24 hours after the injection of Congo red. The 
injection of the dye is also said to be followed by monocytosis,*:?"% 4 
increased platelets!?.°°%> and by an increase in sedimentation 
rate The clinical dose ordinarily used is 10 ec. of a 1% solution, 
given intravenously. 

Since Congo red in solution is a colloid, it is to be expected that 
when injected the dye will be taken up by the phagocytes of the 
reticulo-endothelial system. This has been shown to be the case 
of Wedekind" with injections of other colloidal solutions, such as 
trypan blue and carbon dust. After producing sterile inflammation, 
trypan blue was injected intravenously and later found concen- 
trated in the phagocytes which had collected around the inflamed 
area. Because the cells of the reticulo-endothelial system ingest 
the dye particles, it is thought by some authors, particularly Diaz,* 
that the action of Congo red is mediated through a stimulation of 
this system. At the present time, however, there seems to be no 
adequate explanation of the exact mechanism by which stimulation 
of the reticulo-endothelial system could increase coagulation. 

Nikolojew and Gurewitsch,’ finding that Congo red shortens 
coagulation time, suggest that the endothelial cells of the capillary 
walls ingest the dye particles, become engorged and thus cause 
partial constriction of the capillaries. It is this constriction of the 
capillaries which makes coagulation more rapid. This explanation 
seems possible in regard to diminished bleeding time, but we cannot 
believe it adequate to explain diminished coagulation time. 

Since Congo red has apparently been used with some success as 
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a clinical hemostatic agent, it seemed wise to investigate further its 
effects when injected intravenously into laboratory animals. In 
addition, its effects upon blood coagulation were studied upon a 
small series of patients. Congo red has not only been used as a 
coagulant, but is known to be an anticoagulant as well, although 
in the latter capacity it appears to be less effective and more toxic 
than other dyes of the diazo direct type.’ Because of these antithetic 
actions of the dye it seemed important also to investigate the 
effect of various doses. 

Methods and Subjects. In the present experiments coagulation 
time was determined on rabbits, dogs and human subjects before 
and after the intravenous injection of Congo red. The method 
used was a modification of the capillary glass tube method. The 
capillaries were 0.5 to 1 mm. in diameter and 10 em. long. ‘The 
tubes were individually standardized by placing them in a dish 
containing 15 ce. of 709% alcohol. Only those tubes were used in 
which the alcohol rose to a height of 6toS em. By this standardiza- 
tion variations in the size of the capillaries were reduced to a mini- 
mum. ‘The tubes were dried in an oven and kept covered until used. 

Rabbits. (Congo Red asa Coagulant. Four breeds of voung adult 
rabbits were used: rufus red, chinchilla, Belgian and albino. 
]itferences in breed appeared to have no influence upon the effect 
of the dye. The rabbits were kept on a diet of hay and oats for 
some weeks previous to the experiment. 

The ear of the rabbit was shaved clean in the region of the mar- 
ginal vein, the vein was slit with the point of a sharp scalpel blade 
and the blood allowed to flow until 4 or 5 drops had escaped and 
had been wiped away. By allowing the ear to bleed freely in this 
way, we believe that contamination by tissue fluid was negligible. 
Blood from the next drop was allowed to flow into one of the capil- 
lary tubes. Fragments were broken off at $-minute intervals. 
Coagulation was judged as the point at which a thread of fibrin 
spanned the gap between two pieces of the capillary. With practice, 
judgment of the end point became satisfactorily accurate and con- 
sistent. Duplicate and sometimes triplicate tests were made for 
each determination. 

After several control tests had been made on each of 2 or 3 
rabbits, | to 5 ce. of physiologic salt solution were injected into the 
marginal vein of 1, and the same volume of 1° Congo red (10 to 
20 mg. per kg. body weight, in physiologic salt solution) was in- 
jected similarly into the others. The subsequent coagulation time 
tests were made from the ear opposite to the one injected. The 
individual curves of 18 rabbits injected with Congo red and 10 
rabbits injected with physiologic salt solution have been averaged 
and are shown in Graph I. As is readily seen, the coagulation time 
of rabbits injected with normal saline remains practically unchanged, 
while coagulation time following Congo red is decidedly diminished 
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within an hour, and continues at a low level for at least 3 hours 
after injection of the dye. Nikolojew and Gurewitsch® mention 
experiments in which they found diminished coagulation time in 
rabbits 24 hours after injection of Congo red. 
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Grarxu I. Blood coagulation time in rabbits. Arrow indicates intravenous injection 
of (a) physiologic salt solution, and (4) Congo red, 


Bleeding Time. The injection of small doses of the dye (1 to 
5 ce.) intravenously in rabbits caused not only a shortened coagula- 
tion time, but also a marked diminution in bleeding time. This 
Was usually apparent within a few minutes after injection. When 
a fresh cut was made for the next coagulation test, the wound bled 
only slightly. It was often necessary to heat the ear in order to 
obtain sufficient bleeding to allow the passage of 4 to 5 drops. If 
necessary, the ear was held near the bulb of a desk lamp until the 
vessels were engorged. When bleeding commenced, the lamp was 
immediately removed, and the blood allowed to flow freely. Ther- 
mostimulation seemed less likely to influence the test than the 
mechanical stimulation of rubbing the ear.” Control experiments 
on uninjected rabbits showed that stimulation with heat and imme- 
diate removal of the source of heat as described did not influence 
coagulation time. 

Since small doses of Congo red cause a decreased bleeding time 
and a de¢reased coagulation time in the rabbit, it would be expected 
that large doses which produce prolongation of coagulation time 
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would likewise lengthen bleeding time. ‘This was readily observed 
in the animals used to determine toxicity. If the ear vein was cut 
aftersa massive dose had been administered, persistent hemorrhage 
occurred almost invariably. 

Congo Red as an Anticoagulant. As already stated, the dose of 
Congo red used in these experiments to shorten coagulation time 
was | to 5 cc. (10 to 20 mg. per kg.) of a 10% solution. When 
massive doses of the dve were used the opposite effect was obtained, 
coagulation time being greatly prolonged within a short time after 
injection. In 5 rabbits injected intravenously with 200 to 500 mg. 
of Congo red per kg. of body weight, the blood showed an extra- 
ordinary prolongation of coagulation time, the values ranging from 
15 minutes to no coagulation after 5 hours. 

Toxicity. The toxicity of Congo red for rabbits has been deter- 
mined by intravenous injection of massive doses of the dye. As 
shown in Table 1, the minimal lethal dose (M.L.D.) is about 
300 mg. per kg. of body weight. After the administration of 
fatal amounts death occurred within 24 hours. The animals showed 
no characteristic symptoms prior to death. 


TABLE 1.—INTRAVENOUS Toxicity OF CoNGo Rep For Rassirs. 


Number of 


Dose, rabbits Number 
mg/kg injected died 
200 7 2 
300 6 5 
300-500 4 4 


Lffect of Congo Red in Vitro. The effect of Congo red in 1%, 
0.5%, 0.1%, 0.01% and 0.0019 solutions was studied in vitro. 
Two test tubes 5 em. long, having an inside diameter of 1.1 em., 
were used in each case. One of these contained 0.2 cc. of the 
Congo red solution to be tested while the other contained the same 
volume of physiologic salt solution, the latter being the control 
tube. Two ce. of blood were withdrawn from a rabbit's heart into 
an oiled syringe for each test. One ce. of blood was immediately 
put into the test tube containing the Congo red solution, while the 
other was added to the salt solution. The end of the needle was 
kept in the solution while introducing the blood so that thorough 
mixing of the blood and the test solution was assured. The end 
‘ point for coagulation was taken as the time at which the tubes could 
be inverted without allowing the blood to run down the side (Howell 
method). 

The results (Table 2) showed that the dye when added in a con- 
centration of 1% and 0.5% solution, lengthened coagulation time 
in vitro so that clotting did not occur even after many hours. Congo 
red in 0.1% solution increased the time to some extent, and in dilu- 
tion of 0.01% and 0.001%, the presence of Congo red did not affect 
the coagulation time. It appears that large amounts of Congo red 
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cause prolongation of coagulation time in vivo and in vitro, and that 
small amounts diminish coagulation time 7m vivo but have no effect 
in vitro. It is therefore assumed that physiologic reaction to the 
dye is necessary to effect a decrease in coagulation time. 


2. Tue Errecr or Conoco Rep on BLoop CoAGuLATION TIME IN VITRO. 
Congo red ‘solution Coagulation time (min 
Rabbit 
blood Final cone 1 «ee. blood 
fron Mg. in 1 ce. blood with 0.2 c« dye, with 0.2 c« 
Per cent 0.2 Congo red. saline 
I 1.00 2 00 No coagulation 0.17 3.00 
1 00 2 OO No coagulation 2 2.75 
0.50 1 00 No coagulation 0 0S 2 OO 
0. 50 1.00 No coagulation 3.00 
ll 0 10 0 20 12 00 0 O17 5.00 
0.10 0 20 s 00 6 00 
0 Ol 0 02 5 00 0.0017 6.00 
mae a 4 0 O01 0 02 4 50 4.50 
0 0 002 5 00 0 00017 5.00 
0 OO1 0 002 6 50 6.50 


Dogs. ‘The investigation of coagulation time following intraven- 
ous injection of small doses of Congo red into dogs was made in the 
same way as described above. ‘Two series of experiments were 
performed upon 4 dogs. As shown in Graph II, which gives the 
average values obtained, the results in this case were negative for 
the period of about 3 hours after injection. The doses ranged from 
5 to 20 mg. per kg. This amount was comparable to that which 
the rabbits received (10 to 20 mg. per kg.). These negative results 
in the dog may be due to a difference in the time of response to the 
injection, or to an unequal tolerance of the dog for Congo red. 
On the other hand, the difference in the reaction of the two animals 
may be more fundamental, that is, an example of a specific variation. 

Patients. ‘Twenty convalescent patients on the medical wards 
were subjects for this study. Intravenous injections of 10 to 15 ce. 
of 1° Congo red were given. Coagulation time tests were made 
before and after injection. In the first 10 cases the blood was 
obtained from the finger tips. Even though the standardized 
capillary tubes were used, the results employing this technique 
showed such wide variations both in control determinations and 
after the administration of the dve that they were regarded as of 
little value for our study. 

Since it was believed that the coagulation time in the latter cases 
was greatly influenced by the amount of tissue fluid withdrawn with 
the blood from the finger, venepuncture was performed to obtain 
the blood in the remaining 10 cases. With the needle in the vein 
the syringe was removed and the blood allowed to flow out steadily 
through the needle. After a few drops had escaped, one of the 
capillary tubes was filled with blood directly from the end of the 
needle. Two or three tubes were generally used, each filled from a 
different drop of blood. In practically all cases observations upon 
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the tubes of one test checked with each other as closely as can be 
expected with any subjective method. Coagulation time tests 
made in this way from venous blood are by far more accurate than 
those made on blood from the fingertips. Examination of Table 3 
shows that coagulation time was diminished after the injection of 


Congo red in the majority of the subjects studied. 
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Grapu II. Blood coagulation time in dogs. Arrow indicates intravenous injection 


ot Congo red, 


TABLE 3.-—-BLoop CoAGuLATION Time (MINUTES) IN PaTiENTS FOLLOWING INTRA- 
VENOUS INJECTION OF 1°) SOLUTION OF CONGO Rep (10 Ce.). 


Day 
Previous day Injection at 11.05 a.m ifter. 
Case. . 
11.30 a.m. 4.30 P.M ll a.m 11.30 4.50PM ll aM, 

1. Pulmonary tuberculosis 1.50 
1.50 2.75 1.00 5.00 
5.00 3.50 6 00 

2. Pulmonary tuberculosis 9.00 
9.00 1.00 8.50 
9.00 9.50 3.50 9.50 
3. Pulmonary tuberculosis 4.50 5.00 1.50 7.00 2.75 7.00 6.00 
5M 5.50 5.00 7.50 3.00 S.00 6.25 
4. Bronchial pneumonia . 4.25 4.50 3.50 3.50 1.50 3.00 3.50 
$4.75 3.75 4.00 1.50 3.50 1.00 

5. Bronchial pneumonia . 3.00 

5.00 3.25 1.00 7.50 
3.50 150 7.00 
6. Laryngitis . . . . 6.00 5.00 5.00 6.00 150 $00 5.75 
6.50 6.00 5.00 6.00 1.25 6.00 

7. Hemorrhoids* 8.25 
8.75 6.75 7.75 » 
9.00 7.00 5.50 

8. Multiple myeloma 7.50 
9.00 5.25 6.00 
9.25 ».75 5.50 
9. Diabetes mellitus 4.25 1.50 5.50 4.25 5.00 6.00 7.00 
5.00 1.50 6.00 5.00 6.00 6.50 6.00 
10. Hysteria «ow « OS 6.00 6.00 6.00 3.50 5.50 6.00 
6.50 6.50 1 50 6.50 3.50 6.00 5.50 


* Received 15 ce, 


Summary. (ongo red injected intravenously in small doses, | to 
5 ce. of 1% solution (10 to 20 mg. per kg. of body weight), dimin- 
ishes the coagulation time in rabbits as determined by a modified 
capillary glass tube method. In large doses (200 or more mg. 
per kg.) the coagulation time is greatly increased. Bleeding time 
in rabbits is greatly decreased by the injection of the dye in small 
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amounts, and is conversely increased by the injection of large 
amounts. The M.L.D. of Congo red for the rabbit by intravenous 
injection is about 800 mg. per kg. With rabbit blood large amounts 
of Congo red cause a prolongation of coagulation time in vitro and 
after administration v7vo, while small amounts diminish coagula- 
tion time 7n vivo but have no effect in vitro. 

Congo red in small doses (5 to 20 mg. per kg.) has no effect on 
the coagulation time of dogs over a period of about 3 hours subse- 
quent to injection. 

In 10 patients injected intravenously with 10 to 15 cc. of a 1% 
solution of Congo red, tests made on blood from the veins showed, 
in the majority of instances, a definite decrease in coagulation time 
following administration of the dye. 

We wish to thank Dr. N. Bloom, of the Department of Medicine, for his very 
generous cooperation in facilitating the experiments herein reported upon patients 


in the medical wards 
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DIETARY DEFICIENCY AS A CAUSE OF MACROCYTIC ANEMIA. 
By Jupa Groen, M.D., 


AND 
IsipoRE M.D., 
AMSTERDAM, HOLLAND. 
From the Department of Medicine and Propszedeutic Clinic of the University of 
Amsterdam.) 

Tur role of dietary deficiency in the production of an anemic 
state has been stressed repeatedly (Elders,“ Minot,?? Aron, Cor- 
nell,'° Keefer and Yang,?° Kern,”! Castle and Minot*). In accordance 
with the views of Castle, the nutritional anemias may be divided 
into the direct or primary types, in which a poor diet has been the 
main cause of the anemia and the so-called conditioned or secondary 
types, which are due to an inadequate utilization by the body of an 
otherwise complete diet. In many instances both a direct dietary 
deficiency and some abnormality of the body have led to the anemic 
state, for instance, in the anemias of chlorosis, chronic blood loss, 
pregnancy, the various forms of anemia associated with gastro- 
intestinal diseases, hookworm disease, and so on. 
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Most of the recorded cases of primary deficiency anemia have 
been of the hypochromic, microcytic type which is caused particu- 
larly by a deficiency in iron. Macrocytic anemia is usually of the 
conditioned type, as exemplified by pernicious anemia, in which an 
intrinsic factor is lacking from the stomach, or in certain cases of 
sprue where diarrhea deprives the body of its supply of blood-build- 
ing material. Cases of macrocytic anemia due primarily to a food 
deficiency (lack of Castle’s extrinsic factor) have been described by 
Balfour and Wills* in British India, where they seem to be most 
common in pregnant women. The literature contains only a few case 
reports of a similar anemia in the temperate zone (O'Hara and 
Grewal**, Kern,?! Longcope*). In our opinion, macrocytic anemia 
due to lack of extrinsic factor is not so rare as the scarcity of case 
reports might lead one to believe. 


Case Reports. Case 1.—Mrs. W. M., aged 33, a married housewife, 
was admitted to the Department of Medicine of this university (Service of 
Professor Snapper) on August 3, 1931. Three years previously the patient 
emigrated with her husband to the woods of Venezuela, where she ate chiefly 
canned vegetables, canned milk, rice and bread. She did not eat any meat 
or eggs and only occasionally an orange or banana. The appetite became 
very poor. After 2 years she went to the Dutch East Indies, also away from 
any white settlement. She continued to take a poor diet consisting almost 
entirely of bread, rice, and canned vegetables; seldom did she eat potatoes 
and fresh milk, and very rarely eggs, meat, or chicken. A few months after 
her arrival in the Indies, she developed diarrhea which lasted for a few days 
and then constipation developed. Her appetite disappeared completely 
and vomiting commenced for no known reason, so that she mistakenly 
thought that she might be pregnant. Weight loss ensued and pallor, fatigue 
and palpitation developed. As no treatment seemed to be able to relieve 
the vomiting, she was advised to return to Holland. 

Menstruation had always been regular and of normal quantity. Previous 
history and family history were irrelevant. Her son aged 11 was healthy. 
She never had any abortion or abnormal loss of blood through other causes. 

On physical examination, immediately after her return to Amsterdam, 
the patient was in a deplorable condition. She was very thin (weighing 
only 40 kg.) and pale. The skin was dry and showed a brown patchy pig- 
mentation over the face, abdomen, and dorsum of the hands. The tongue 
was smooth, the teeth absent. The lungs were normal. A systolic murmur 
was audible over the whole of the precordium. The abdomen showed no 
abnormalities, the spleen was barely palpable. Both fundi of the eyes 
showed small hemorrhages. The neurologic findings were normal. Blood 
pressure was 90/45; pulse 120; temperature varied between 37° and 38° C, 

The urine contained a small trace of albumin and an excess of urobilin. 
There was no occult blood in the stools; the feces were well formed and on 
microscopic examination contained no parasites or poorly digested food 
particles. The Wassermann and Pirquet reactions were negative; the 
van den Bergh reaction normal. 

The fasting stomach contained, 1 week after admission, no free hydro- 
chloric acid. Two hours after a test meal of 400 ce. broth, the acidity values 
rose to 15 free and 62 combined hydrochloric acid (Fig. 1). The quantity 
of gastric juice obtained was small and contained much mucus and many 
leukocytes. Duodenal intubation revealed the presence of many leukocytes 
both in the duodenal juice and in the so-called “gall bladder bile.”” The 
diastase concentration was 640 Wohlgemuth units (normal value). 
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Fic. 2 —Case 1. 


Price-Jones curve. 
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A blood sugar tolerance curve after administration of 50 gm. of glucose 
by mouth, started from a fasting level of 74 mg. per 100 cc. and rose to only 
106 mg. per 100 ee. after 1 hour. 

The blood picture was as follows: hemoglobin 35°; (Sahli), red blood cells 
1,450,000 per c.mm., color index 1.3. White blood cells 2800 (stabs 3°,, 
neutrophils 50°;, eosinophils 1°;, monocytes lymphocytes 37¢;). 
The red blood cells showed a marked anisocytosis, poikilocytosis, megalocy- 
tosis, and polychromasia. No nucleated red cells were seen. The Price- 
Jones curve is shown in Figure 2. The average cell diameter was 9.47 
micron. The reticulocytes numbered 0.2°;. 
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The diagnosis at that time was pernicious anemia, in spite of the fact that 
there was some free hydrochloric acid in the stomach after the test meal. 
The patient received two blood transfusions, a mixed diet, diluted hydro- 
chloric acid, iron, whole liver by mouth and liver extract intramusculs arly. 
She made a rapid recovery, the vomiting ceased, and she gained 7 kg. in 7 
weeks. Three weeks after admission, the hemoglobin had increased to 55°; 
on discharge, 7 weeks after admission, she had 100°; hemoglobin be 
4,500,000 erythrocytes. The pigmentation disappeared. 

September 4, 1931, 4 weeks after admission, a new examination of the 
gastric contents showed free hydrochloric acid in the fasting stomach 
(acid values 23/36), and the acidity curve was of a “high” type: 1 hour 
after admistration of the test meal the acid values were 60 free and 80 
combined hydrochloric acid. The amount of gastric juice was notably 
greater than on the first examination (Fig. 3). 
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The patient was discharged September 24, 1931. Her condition since 
then has been excellent. She stopped taking liver and liver extract immediately 
after her discharge from the hospital. She has stayed in Holland ever since, 
and now takes a mixed diet containing plenty of meat, fruit and vegetables. 
A recent blood examination, 6 years after discontinuing the liver treatment, 
revealed no abnormalities. 

Case 2.--A girl, K. B., aged 14, was admitted to the Department of 
Medicine of this university February 5, 1935. 

Birth and infaney had been normal; besides bronchitis and pneumonia 
at the ages of 5 and 9, respectively, there had been no previous illnesses of 
significance. At the age of 12, she was treated in another hospital for a poor 
appetite, weakness and anemia.* The next year she was sent to the coun- 
try for similar complaints but 6 months later, or in the half year before we 
studied her, her weakness and pallor increased markedly. Indeed, during 
the whole of the last year she had been troubled with a sore mouth and 
tongue so that “acid” food could not be taken and the anorexia became 
greatly aggravated. She had become depressed and irritable. Four weeks 
before admission she developed “abdominal flu’? with fever, headaches, 
two nosebleeds and diarrhea. After she recovered from this illness she re- 
mained tired and complained about dizziness. The bowels, however, soon 
became regular. 

Half a year before admission menstruation commenced and oceurred 
regularly every 4 weeks for 3 days; the amount of blood loss was normal. 
There was no loss of weight and no symptoms or signs referable to the 
respiratory, circulatory or genitourinary systems. 

The dietary history revealed some interesting facts. It appeared that the 
family lived under extremely poor financial conditions. The total income for 
5 people amounted to $12.00 (18 guilders) a week, of which $3.00 had to be 
paid for rent. The family had always been vegetarian. Two years ago 
after the patient’s father died, it became increasingly difficult for them to 
maintain a varied vegetable diet on this low income. Finally, the family 
ate chiefly bread, oleomargarine and brown sugar, but 3 or 4 times a week 
they had vegetables and potatoes. After 1 year of this diet they all felt so 
weak that they gave up the vegetarian regimen. Our little girl, however, 
had always disliked meat and kept to her vegetarian principles. During 
the whole of the last vear she had had as her daily diet only potatoes, one egg, 
one banana, one-half glass of milk, a little bread, biscuits and oleomargarine 
and about three or four times a week she ate vegetables and an apple or 
orange. 

The family history was irrelevant. 

On physical examination the girl was thin but of normal size. Her length 
was 1.50 meters, her body weight 35.3 kg. The secondary sex character- 
istics were normal for her age; there was no infantilism. She had a marked 
pallor with lemon-yellow tinge; skin and hair were dry. Her teeth were in 
bad condition, the tongue was somewhat smooth. Heart and lungs were 
normal, The spleen was palpable under the left costal margin. There were 
no further abnormalities referable to the abdomen. Roentgen ray examina- 
tion of thorax, bones, stomach, and intestines revealed nothing of impor- 
tance. The temperature was subfebrile, varying between 37 and 38° C., 
the blood pressure was 115/65. 

__ The urine contained a great excess of urobilin, but was otherwise normal. 
rhe patient had regular bowel movements once a day. The stools were 
formed, did not contain ova, parasites or occult blood. On microscopic 


* Dr. Elte (Assistant Director Binnengasthuis, Amsterdam) informed us that 
the child at that time showed a hypochromic anemia and that the hemoglobin content 
on admission was 45%; on discharge, 859%. Treatment consisted of iron and cod- 
liver oil 
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examination they contained some excess of fat and undigested starch. 
Chemical analysis after addition of one liter of milk to a mixed diet revealed 
the following figures: 


Total Fat Content of Dried Feces . . . . . . . 33.05% 
Fatty Acids . .. . . 80% 


(These figures in our experience are somewhat above the upper limit of 
the normal range for a child of this age.) 

The fasting stomach contained no free hydrochloric acid. After a test 
meal of 400 ce. broth, free hydrochloric acid appeared; the highest values 
after 1} hours were 13 free and 55 combined hydrochloric acid (Fig. 4). 
The amounts of gastric juice obtained were small and viscid, due to mucus. 
Microscopic examination revealed leukocytes. 
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The blood sugar tolerance curve was of a “flat”? type: originating at a 
fasting value of 84 mg. %, the highest value obtained 1 hour after administra- 
tion of 50 gm. of glucose by mouth was 108 mg. %. 

Calcium and phosphate content of the blood were normal. The total 
protein, albumin and globulin content of the serum were normal; the 
cholesterol content was 129 mg.°;. The van den Bergh reaction was posi- 
tive indirect to an amount of 1.2 mg. per 100 cc. Reactions of Wassermann, 
Pirquet and Widal were negative. 
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A blood sugar tolerance curve after administration of 50 gm. of glucose 
by mouth, started from a fasting level of 74 mg. per LOO ec. and rose to only 
106 mg. per 100 ce. after 1 hour. 

The blood picture was as follows: hemoglobin 35°; (Sahli), red blood cells 
1,450,000 per c.mm., color index 1.8. White blood cells 2800 (stabs 3° 
neutrophils 50°;, eosinophils 1°;, monocytes lymphocytes 37°;). 
The red blood cells showed a marked anisocytosis, poikilocytosis, megalocy- 
tosis, and polychromasia. No nucleated red cells were seen. The Price- 
Jones curve is shown in Figure 2. The average cell diameter was 9.47 
micron. The reticulocytes numbered 0.2; 
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The diagnosis at that time was pernicious anemia, in spite of the fact that 
there was some free hydrochloric acid in the stomach after the test meal. 
The patient received two blood transfusions, a mixed diet, diluted hydro- 
chloric acid, iron, whole liver by mouth and liver extract intramuscularly. 
She made a rapid recovery, the vomiting ceased, and she gained 7 kg. in 7 
weeks. Three weeks after admission, the hemoglobin had increased to 55°; 
on discharge, 7 weeks after admission, she had 100°, hemoglobin and 
4,500,000 erythrocytes. The pigmentation disappeared. 

September 4, 1931, 4 weeks after admission, a new examination of the 
gastric contents showed free hydrochloric acid in the fasting stomach 
(acid values 23/36), and the acidity curve was of a “high” type: 1 hour 
after admistration of the test meal the acid values were 60 free and 80 
combined hydrochloric acid. The amount of gastric juice was notably 
greater than on the first examination (Fig. 3). 
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The patient was discharged September 24, 1931. Her condition since 
then has been excellent. She stopped taking liver and liver extract immediately 
after her discharge from the hospital. She has stayed in Holland ever since, 
and now takes a mixed diet containing plenty of meat, fruit and vegetables. 
A recent blood examination, 6 years after discontinuing the liver treatment, 
revealed no abnormalities. 

Case 2.--A girl, K. B., aged 14, was admitted to the Department of 
Medicine of this university February 5, 1935. 

Birth and infancy had been normal; besides bronchitis and pneumonia 
at the ages of 5 and 9, respectively, there had been no previous illnesses of 
significance. At the age of 12, she was treated in another hospital for a poor 
appetite, weakness and anemia.* The next year she was sent to the coun- 
try for similar complaints but 6 months later, or in the half year before we 
studied her, her weakness and pallor increased markedly. Indeed, during 
the whole of the last year she had been troubled with a sore mouth and 
tongue so that “acid” food could not be taken and the anorexia became 
greatly aggravated. She had become depressed and irritable. Four weeks 
before admission she developed “abdominal flu’’ with fever, headaches, 
two nosebleeds and diarrhea. After she recovered from this illness she re- 
mained tired and complained about dizziness. The bowels, however, soon 
became regular. 

Half a year before admission menstruation commenced and occurred 
regularly every 4 weeks for 3 days; the amount of blood loss was normal. 
There was no loss of weight and no symptoms or signs referable to the 
respiratory, circulatory or genitourinary systems. 

The dictary history revealed some interesting facts. It appeared that the 
family lived under extremely poor financial conditions. The total income for 
5 people amounted to $12.00 (18 guilders) a week, of which $3.00 had to be 
paid for rent. The family had always been vegetarian. Two years ago 
after the patient’s father died, it became increasingly difficult for them to 
maintain a varied vegetable diet on this low income. Finally, the family 
ate chiefly bread, oleomargarine and brown sugar, but 3 or 4 times a week 
they had vegetables and potatoes. After 1 year of this diet they all felt so 
weak that they gave up the vegetarian regimen. Our little girl, however, 
had always disliked meat and kept to her vegetarian principles. During 
the whole of the last year she had had as her daily diet only potatoes, one egg, 
one banana, one-half glass of milk, a little bread, biscuits and oleomargarine 
and about three or four times a week she ate vegetables and an apple or 
orange. 

The family history was irrelevant. 

On physical examination the girl was thin but of normal size. Her length 
Was 1.50 meters, her body weight 35.3 kg. The secondary sex character- 
istics were normal for her age; there was no infantilism. She had a marked 
pallor with lemon-yellow tinge; skin and hair were dry. Her teeth were in 
had condition, the tongue was somewhat smooth. Heart and lungs were 
normal. The spleen was palpable under the left costal margin. There were 
no further abnormalities referable to the abdomen. Roentgen ray examina- 
tion of thorax, bones, stomach, and intestines revealed nothing of impor- 
tance. The temperature was subfebrile, varying between 37 and 38° C., 
the blood pressure was 115/65. 

__ The urine contained a great excess of urobilin, but was otherwise normal. 
I he patient had regular bowel movements once a day. The stools were 
lormed, did not contain ova, parasites or occult blood. On microscopic 


* Dr. Elte (Assistant Director Binnengasthuis, Amsterdam) informed us that 
the child at that time showed a hypochromic anemia and that the hemoglobin content 
on admission was 45%; on discharge, 85%. Treatment consisted of iron and cod- 
liver oil 
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examination they contained some excess of fat and undigested starch. 
Chemical analysis after addition of one liter of milk to a mixed diet revealed 
the following figures: 


Total Fat Content of Dried Feces . 38.05% 
. 21.05% 
Fatty Acids . . . 3.0% 


(These figures in our experience are somewhat above the upper limit of 
the normal range for a child of this age.) 

The fasting stomach contained no free hydrochloric acid. After a test 
meal of 400 ce. broth, free hydrochloric acid appeared; the highest values 
after 1} hours were 13 free and 55 combined hydrochloric acid (Fig. 4). 
The amounts of gastric juice obtained were small and viscid, due to mucus. 
Microscopic examination revealed leukocytes. 
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The blood sugar tolerance curve was of a “flat”? type: originating at a 
fasting value of 84 mg. %, the highest value obtained 1 hour after administra- 
tion of 50 gm. of glucose by mouth was 108 mg. %. 

Calcium and phosphate content of the blood were normal. The total 
protein, albumin and globulin content of the serum were normal; the 
cholesterol content was 129 mg.°%. The van den Bergh reaction was posi- 
tive indirect to an amount of 1.2 mg. per 100 cc. Reactions of Wassermann, 
Pirquet and Widal were negative. 
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Fic. 6.—Case 2. The effect on the blood of administration of extrinsic factor 
to a patient with macrocytic anemia due to dietary deficiency. 
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The blood picture was as follows: hemoglobin 30°; (Sahli), red blood cells 
1,040,000 per e.mm.; color index 1.38. Number of leukocytes 2300 per 
e.mm.; blood platelets 70,000 per ¢.mm. Differential count: stabs 
polys eosinophils monocytes lymphocytes 35°;; 
in addition the blood contained for every 100 white cells 2 normoblasts and 
2 typical megaloblasts. The red cells showed a very marked anisocytosis, 
poikilocytosis, megalocytosis, and some polychromasia. The mean cor- 
puscular volume on two occasions was 118 and 121 cubic micra. The Price- 
Jones curve is reproduced in Figure 5; the average cell diameter was 
8.2 micra. The reticulocytes numbered between 1.5 and 3.0°;. 
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After a control period on a meat-free diet, during which the blood findings 
did not change, the child was given a mixed diet containing plenty of meat, 
fruit, vegetables, and one liter of milk daily (Fig. 6). The number of reticu- 
locytes rose to 14°, hemoglobin and erythrocytes to 39°% and 1,500,000 
per c.mm., respectively. On further addition of three teaspoonfuls of 
“Vegex”’ (a preparation rich in B vitamins) to this diet a second reticulocyte 
response was obtained: the reticulocyte count rising this time to 18.4%. 
Hemoglobin and erythrocytes increased rapidly; April 5, 2 months after 
her admission, the hemoglobin was 80°,, the erythrocytes 4,000,000 per 
¢.mm.; the Price-Jones curve had returned to normal and the excess of 
urobilin had disappeared from the urine. 

A second gastric analysis now showed a completely normal curve. One 
and one-half hour after the test meal the acid values were 36 free and 48 
combined hydrochloric acid. There was an abundant flow of gastric juice 
from the tube (Fig. 7). 
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After her discharge the patient was kept on a mixed diet. Her general 
and hematologie condition remained excellent as verified at a recent 
examination. Neither during the treatment nor after her discharge did she 
receive any liver or iron, 

Discussion.- “The common features in both these cases can be 
summarized as follows: 

|. A history of a very defective diet, especially poor in meat, 
fresh milk and eggs over a prolonged period of time. 

2. A clinical picture closely resembling that of pernicious anemia: 
a macrocytic anemia with increase of bile pigments in blood and 
urine, a smooth tongue, skin pigmentation and mental changes. 

3. The presence in the stomach of free hydrochloric acid in small 
amount; the quantity of gastric juice secreted was small and con- 
tained mucus and leukocy tes. 

1. In the first case, the remission of the anemia initiated by liver 
has been sustained for the past 5 vears solely on a mixed diet; in 
the other case, a complete remission was produced exclusively by a 
mixed diet that contained no liver but a rich supply of “extrinsic 
factor.” 

5. After treatment in both cases the gastric secretion improved 
and returned to normal; the amounts of gastric juice produced 
after the test meal increased, and the gastric juice contained less 
mucus, fewer leukocytes and a higher percentage of free hydro- 
chloric acid. 

6. A “flat” blood sugar curve. 

In considering this syndrome a word may first be said about the 
differential diagnosis with regard to sprue or idiopathic steatorrhea 
(Gee-Herter’s disease). So long as our knowledge of the etiology 
of the various forms of sprue is insufficient, we will lack a good 
definition of this condition which presents a wide range of clinical 
manifestations. It has been the experience of all investigators, 
however, including our own, that the one and never-failing sign in 
sprue is the fatty diarrhea. All other signs can vary or even be 
absent, but an abnormal content of fat in the stools, especially after 
addition of an extra amount of fat to the diet, appears to be char- 
acteristic. This is equally true for the tropical, non-tropical, and 
infantile variety. The cases here described definitely did not come 
under the heading of idiopathic steatorrhea, if the above criterion 
is applied. 

The most usual classification given in the literature to cases of a 
similar type as just described seems to have been that of “ pernicious 
anemia with presence of free hydrochloric acid in the stomach.” 
In view of the newer (Castle) concepts of the etiology of pernicious 
anemia in the true (Addisonian) sense of the word, this description 
does not seem adequate. Addisonian pernicious anemia is con- 
sidered a macroeytic anemia which is due to a lack of Castle’s 
intrinsic factor in the stomach. The cases here under considera- 
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tion, however, appear to be due to a lack of extrinsic factor. ‘They 
differ from classical pernicious anemia by the presence of free hydro- 
chloric acid in the gastric contents and by their permanent cure by 
the intake of a mixed diet alone. Because of these characteristics, 
it seems as if our 2 cases were of the same type as those described 
by Wills* as “tropical”? macrocytic anemia. It is to be stressed, 
however, that the designation “tropical” in this connection seems 
hardly warranted. The cause of the anemia, both in Wills’ cases 
and in our own, was a deficient food intake. The social conditions in 
some tropical countries apparently lead to the intake of such a 
deficient diet by a larger group of the population than in Europe 
and in America. The resulting syndrome, however, is the same and 
not confined to the tropics. It should preferably be called, therefore, 
“macrocytic dietary deficiency anemia.” The analogy between the 
anemia of our patients and the macrocytic anemia produced ex- 
perimentally by a deficient diet in dogs and swine (Rhoads and 
Miller****) also supports this contention. 

The above considerations have led us to a new conception of some 
of the cases that have been described in the literature as “ per- 
nicious anemia with free hydrochloric acid in the stomach.” A 
group of these cases has been critically reviewed lately by Alsted2? 
Upon reading over these case reports, one is impressed wherever 
details are given with the frequency of a history of deficient diet. 
It is of course possible that although free hydrochloric acid was 
present, Castle’s intrinsic factor may still have been absent from the 
stomach in these cases so that a diagnosis of Addisonian pernicious 
anemia was justified. It is certainly at least as likely, however, that 
the defective diet, in other words, a lack of extrinsic factor was the 
underlying cause of the anemia. In Barnett’s case‘ this contention 
was proved by the daily administration of the patient’s gastric 
juice mixed with beef to a test case of Addisonian pernicious anemia. 
A typical reticulocyte response followed. Unfortunately, we have 
not been able to carry out such an observation in our cases. 

In the Thorndike Memorial Laboratory in Boston, one of us (J. G.) 
had the opportunity through the kindness of Dr. Thomas Hale Ham 
to see a similar case of “ pernicious anemia with free hydrochloric acid 
in the stomach” with a history of very defective diet. In this case the 
daily administration of the patient’s gastric juice with Vegex had 
provoked a reticulocyte response in a “test case” of true pernicious 
anemia. The patient herself recovered on a mixed diet only without 
any liver treatment. 

The possibility of a lack of extrinsic factor as a contributing cause 
in Addisonian »ernicious anemia may be considered in this connec- 
tion. In some cases of this disease the history reveals the prolonged 
use of an unbalanced diet as a result of a peculiar preference of the 
individual for certain types of food and an aversion for others. 
In a number of Minot’s and Cornell’s cases, for instance, there had 


4 
. 
] 
a 


GROEN, SNAPPER: DIETARY DEFICIENCY IN MACROCYTIC ANEMIA 643 


heen a remarkable low intake of meat, as opposed to a high fat con- 
sumption. It has been recognized for many years that after the 
disease is obvious there is often an aversion for meat and that the 
poor appetite aggravated by the illness may also give rise to a dietary 
deficiency. low far in the individual case of pernicious anemia the 
lack of intrinsic or of extrinsic factor or both have contributed to the 
development of the disease may be difficult to ascertain. It can, 
however, to a certain extent, be deduced from the dietary history 
and also from the reaction of the blood to the ingestion of a diet 
containing a potent source of intrinsic factor like meat or Vegex, 
but no liver. In this respect it might be suggested that in some of 
the cases described by Goodall'® and Ungley and James* where a 
macrocytic anemia reacted so well to intensive treatment with 
Vegex (“Marmite’’) a lack of extrinsic rather than intrinsic factor 
must have been the predominant cause of the anemia. This is also 
supported by the observations of Goldhamer and Isaacs who 
found some small amount of intrinsic factor in some cases of 
Addisonian pernicious anemia, 

The low gastric acidity present in our cases and the improvement 
of the gastric secretion brought about by liver treatment in the first 
case and following a complete diet in the second case brings up the 
interesting point of a possible influence of dietary factors on gastric 
secretion. 

Such an influence has been shown to exist experimentally by 
Cowgill and Gilman" who found a decreased secretion of hydro- 
chlorie acid from stomach pouches in dogs on a diet poor in the 
vitamin B complex. Miller and Rhoads” demonstrated that swine 
on a deficient (Goldberger) diet not only developed diminution of 
the secretion of hydrochloric acid but also of the blood-forming 
principle from their gastric juice. In man, several examples of 
damage to the gastric mucous membrane by a poor diet and of im- 
provement by adequate dietary treatment can be quoted. 
Lindgren” found a high incidence of achlorhydria among certain 
groups of the population of Sweden that partook of a “cereal and 
milk type” of diet. A history of a diet particularly poor in meat 
is often obtained from patients with “idiopathic” achlorhydria. 
Chester*M. Jones, Benedict and Hampton'® with the aid of 
Roentgen rays, with the gastroscope and by biopsy during opera- 
tions, found a severe gastritis in pernicious anemia, which essen- 
tially vanished in remission. Although there was no return of 
hydrochloric acid secretion, the mucous membrane of the stomach 
became much less inflamed than before treatment. A return of 
hydrochloric acid occurs not infrequently in patients with idiopathic 
achlorhydria with or without anemia if they are put on a well- 
balanced diet (Keefer et Lindgren” made the same ob- 
servation on some of his achlorhydric cases in Sweden. Even a 
return of hydrochloric acid in the stomach of patients with per- 
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nicious anemia, who had shown complete achylia before treatment, 
has been observed (see Alsted). Castle, Heath and Strauss? demon- 
strated the reappearance of intrinsic factor following liver therapy 
in a case of “ pernicious’ anemia due to multiple intestinal fistulae. 

We do not know whether the deleterious effect of a deficient diet 
on the gastric mucous membrane is a specific result of the deficiency 
due, for instance, to the lack of a factor of the vitamin B complex 
or if it is simply a part of the general ill health of the body. The 
improvement of the gastric secretion during the treatment of the 
deficiency disease may be either specific like the disappearance of 
the tongue changes or may be nothing but a part of the return to 
general health of all the tissues as occurs during remission. Also 
the increased appetite and the regular intake of a normal diet con- 
taining an adequate supply of fluid and of the physiologic stimu- 
lants of the gastric secretion may be responsible for the improvement 
in gastric function (Lindgren®; Rose, Stucky and Cowgill*’). 

Both our cases also showed evidence of disturbed intestinal 
function: they had constipation and occasional diarrhea; in Case 2 
the fat content of the stools on a diet containing | liter of milk a 
day surpassed the upper limit of normal; both had the “flat” 
type of blood sugar curve. It may be suspected, therefore, that their 
deficient diet had not only exerted an unfavorable influence on the 
gastric secretion, but had also affected the motility of the intestines 
and the absorption of digested material. 

Just as for the stomach there are numerous indications that the 
function of the intestine, especially motility and absorption, may be 
impaired in dietary deficiency states. In pigeons, rats and monkeys 
dying from B deficiency a diarrhea during the last days of life can 
be observed regularly (MacCarrison®). The same is found in dogs 
with black tongue disease (Chittenden and Underhill’; Gold- 
berger, et al.). At autopsy, the intestinal canal of these animals 
is edematous, in other parts atrophic, and contains mucus and blood. 
The occasional diarrhea of patients with idiopathic hypochromic 
and pernicious anemia, pellagra, and the severe diarrhea of sprue 
are probably all evidences of the intestinal disturbance associated 
with deficiency of some factor or related substance of the vitamin 
B complex. Mackie and Pound,“ Mackie, Miller and Rhoads,*” 
with the aid of Roentgen rays, have demonstrated the deranged 
intestinal motility in such cases. An impaired absorption of fat 
which is most marked in sprue can be detected to a minor degree 
in some cases of pernicious and in “ idiopathic” achlorhydric anemia 
(Groen).!7 The existence of impaired absorption suggests itself 
very often in those cases of pernicious anemia that require unusually 
large amounts of liver extract by mouth for their recovery or main- 
tenance. Heath and Fullerton'® have shown that the absorption 
of potassium iodide is sometimes greatly delayed in dietary de- 
ficiency conditions. The increased tolerance to galactose in per- 
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nicious anemia (Donath;2 Singer and Wechsler*') has been ascribed 
to a slow absorption of this sugar from the alimentary canal. The 
“flat” blood sugar tolerance curve observed regularly in’ sprue 
(‘Thaysen®) is also present in some cases of undernutrition, per- 
nicious anemia, and allied deficiency disorders. As the blood sugar 
curve in those cases after intravenous administration of glucose is 
normal (van Andel and Groen!), it may be assumed that the flatness 
of the curve after oral administration of sugar is caused by a retarded 
absorption of the glucose. Experiments carried out by one of the 
authors (J. G.), to be published elsewhere, have definitely demon- 
strated an iinpaired absorption of glucose in deficiency disease. 

The gastro-intestinal disturbances shown by the 2 cases reported, 
namely, low gastric acidity, transient diarrhea, somewhat increased 
fat content in the stools, and flat blood sugar curve, maké one wonder 
about the place of this clinical picture in the nosological system be- 
tween pernicious anemia and sprue. For the reasons given above, 
the 2 patients suffered neither from the one nor the other of these 
diseases. Yet, the difference does not seem to be so much of a 
qualitative, as of a quantitative character. This, however, is 
equally true of the distinction between pernicious anemia and sprue 
and need not surprise us in view of the “ floating’? nature inherent 
to every deficiency disease. Thus, this “macrocytic anemia by 
dietary deficiency’ is presented here, not so much as a walled-off 
entity but rather as a typical clinical picture intermediate between 
the other deficiency syndromes. 

The deleterious effect of an impaired gastric and intestinal function 
on the progress of any deficiency disease has been pointed out by 
Castle®?. Not only is the diet in itself already poor in “accessory” 
food factors but the unfavorable condition of the intestine diminishes 
the actual utilization of even this amount. Both our cases in their 
downhill progress have shown such a vicious circle: namely, de- 
ficient diet, deficient state, poor gastric secretion and intestinal 
absorption, aggravated deficiency state. The same state of affairs 
can be observed in pernicious anemia and sprue. Thus, if one listens 
carefully to the history of a case of pernicious anemia or sprue, one 
is very often able to synchronize the relapses with a gastro-intestinal 
upset, a period of poor diet, or complicated infections, the remis- 
sions with a period of rest, better appetite and good food until 
finally the complete deficiency picture is established.’ It remains 
unknown what sets this vicious circle in motion. The clinical 
picture of the 2 cases described seems to have resulted entirely from 
a deficient diet. In the case of Addisonian pernicious anemia or 
sprue, however, important as the diet may be, it can hardly be the 
only causative factor. 

Summary... A clinical picture closely resembling pernicious 
anemia was observed in 2 cases where the history revealed a pro- 
longed and pronounced dietary deficiency. Free hydrochloric acid 
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in subnormal amounts was found in the gastric juice. In 1 case, 
recovery induced by liver extract was maintained for 6 years on a 
complete diet alone without further liver treatment. In the other 
case, a complete remission was produced and maintained by the 
ingestion of a mixed diet containing plenty of meat, milk and a 
preparation of autolyzed yeast (Vegex) but no liver. Further 
features of the cases described included an improvement of the 
gastric secretion by the dietary treatment and a “flat”? type of 
blood sugar curve indicating a poor intestinal absorption when the 
condition Was severe. 

It is suggested that the macrocytic anemia in these cases was due 
to a deficiency of Castle's extrinsic, rather than, intrinsic factor. 
Cases of this type which appear analogous to the “ tropical’? macro- 
eytic anemia reported by Wills are probably more frequent than 
commonly believed. Many cases of so-called pernicious anemia with 
free hydrochloric acid in the stomach appear to belong to this group. 
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We have previously reported’ the findings in gastric juice and 
duodenal juice™ of patients having pernicious anemia and attempted 
to correlate these findings with their clinical condition and the 
maintenance dose of liver required by them. Richter, Ivy and 
Kim,'® Wilkinson and Kline," and Goldhamer, Isaacs and Sturgis® 
have demonstrated that the liver of untreated pernicious anemia 
patients did not contain the “active principle” of the liver while 
the liver of individuals not having pernicious anemia and treated 
pernicious anemia patients contained the “active principle.” Win- 
trobe and Shumacker,"© VanDuyn," Goldhamer,’ Wright,'? and 
Rosenberg" have reported the presence of macrocytic anemia in 
patients with liver disease. Wintrobe'® has recently been able to 
experimentally produce macrocytic anemias in animals with severely 
damaged livers. In continuing the studies on maintenance dosage 
and the clinical condition of pernicious anemia patients, we there- 
fore have studied the hepatic function of the patients as tested by 
excretion of hippuric acid in the urine following the ingestion of 
sodium benzoate. This test, as developed by Quick,® is considered 
as a measure of the liver’s capacity to furnish amino-acetic acid and 
as an index of its detoxifying power. Snell and Plunkett” recently 
concluded that “the results seem to indicate that the rate of syn- 
thesis of hippuric acid is a reasonably accurate and satisfactory 
test for the determination of parenchymatous hepatic damage.” 
Kohlstdedt and Helmer? concluded that the combined urea clear- 
ance and hippuric acid test is a reliable and valuable adjunct in the 
study of hepatic disease. 

Methods. All but 2 of the patients on whom the tests were performed 
were typical clinically and hematologically of pernicious anemia. The 
patients have been followed in this department for varying periods of time 
up to 9 years. They have been classified as to age, degree of central 
nervous system involvement, presence of complications such as arterio- 
sclerosis, infection, long-continued diarrhea, and the various degenerative 
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complications, kidney function as estimated by urea clearance, and the 
maintenance dose of liver extract required to maintain normal red blood 
cell count. The ones considered as to maintenance dosage of liver extract 
have been followed for at least a year, although the majority have been 
followed much longer. The patients able to maintain normal red blood 
cell counts while taking 3 vials of liver extract or 12 capsules of “ Extralin’”’ 
(Liver-Stomach Concentrate, Lilly) or less were considered as easy to 
maintain. Those requiring liver extract by injection were classified as 
difficult to maintain, The normal individuals tested were young, healthy 
adults. 

On the day the test was run the patient’s breakfast was limited to coffee 
and dry toast. Approximately an hour after breakfast 5.9 gm. of sodium 
benzoate was administered in a half glass of water by mouth to the patient. 
(Quantitative urine specimens were collected at hourly intervals for 4 hours. 
The amount of hippuric acid in the 4 specimens was determined by the 
continuous ether extraction method of Quick.’ Van Slyke’s* method was 
used for the urea clearance determinations. 


Results. ‘The 10 normal individuals tested secreted an average 
of 3.15 gm. of hippuric acid in 4 hours. The amounts varied 
between 2.82 and 3.69 gm. The urea clearances of these individuals 
were normal (S6 to 159°% of normal, averaging 108.3¢7). A total 
of 51 examinations was run on 45 patients having pernicious anemia 
(Table 1). The average secretion was 2.59 gm. (1.16 to 3.89 gm.) 
per 4 hours. The average urea clearance for this group was only 
77.8% of normal. The results of these examiations agree with 
the findings of Kohlstaedt and Helmer in that the kidney function, 
as shown by the urea clearance, influenced the amount of hippuric 
acid secreted in 4 hours. The average of the 21 examinations on 
20 patients having urea clearances below 70°; was only 2.4 gm. in 
contrast to the 2.8 gm. average for the 30 examinations on the 
27 patients having urea clearances above 70%. ‘Table 2 shows that 
only 5 of the 20 patients with urea clearances below 700% had a 
hippuric acid secretion above the lowest value found in the normal 
individuals. Four of these 5 had low blood counts when examined. 
The 2 patients whose urea clearance has been re-run after the blood 
has returned to normal now have normal urea clearances. 

As shown by Tables 2 and 3, the red blood cell level did not seem 
to have a marked influence upon the amount of hippuric acid 
secreted, although there was a distinctly lower average urea clear- 
ance for the patients having low red blood cell counts. 

There were, however, 4 patients who were examined both before 
and after an induced remission. Patient 22 had an increase in 
secretion of hippuric acid from 1.93 gm. up to 3.72 gm. This 
woman was in cardiac failure and in a very poor state of nutrition 
when first examined. The liver extended down 13 cm. from the 
costal border and generalized anasarca was present. The patient 
lost 38 pounds of fluid following the institution of liver extract 
therapy. When she was reéxamined her blood was normal, the 
cardiac failure had disappeared, and she had gained 42 pounds. 
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The urea clearance had increased from 75 to 11267. The second 
patient (Case 21) had an excretion of 1.76 gm. when first examined 
and of 2.58 gm. when the blood was normal. There was only an 
increase in urea clearance of from 65 to 706). This patient had 
gained 20 pounds between the examinations. Patient 35 showed 
only slight increase in excretion, although the urea clearance 
increased from 54 to 83°, of normal. Patient 20, whose urea 
TABLE 1 Tue Hippuric Actp SECRETION AND THE CLINICAL STATUS OF 45 PATIENTS 
Having PeERNicious ANEMIA AND 2 Patients HAVING SIMILAR Bhoop Prerures, 


60 1.70 7 33 au D 
5 4.14 07 2.65 120 I) 
$4.75 72 3.15 77 
‘ “7 5.01 76 
7 OS 4.72 “7 1.66 2 
>. 57 120 S4 
» 45 106 2.55 
10 1.4 78 34 4 > 
1] 74 a7 2.01 
12 45 111 156 
13 40 07 72 
14 70 65 113 1.62 126 > 
15 17 1.79 108 > I 
lt 2% 23 } 
17 a7 103 1.00 
104 1.83 Lit I 
63 4.74 1M) > 70 10S 
62 11s 2.08 “4 
41 113 2.54 70 1) 
2 44 1.93 75 
4.54 “7 112 
51 4.50 Su 1.38 a7 
24 4.49 107 14 75 
25 63 41.46 2.33 70 
2) 63 3.64 82 2.46 H5 I) 
27 OO 3.42 7s 2.40 33 I) 
‘4 3.06 74 2.80 77 
30 56 50 3.40 
3 60 4.11 SS 3.47 
32 82 3.82 75 1.94 20 l 
33 63 2.85 76 2.92 60 bo 
52 4.13 a2 2.06 14 
5.03 77 3.14 S83 
40) 2.23 57 110 D 
38 62 1.64 44 1.86 I) 
Oo 2.05 2.06 7 
1.35 44 3.89 125 I 
41 58 2.19 3.27 40 
42 72 2.10 64 2.59 3u + 1 
45 Os 2.12 66 2.66 S4 
44 64 2.62 87 
45 51 2.36 75 2.11 | 
46 a1) 5.40 107 2.84 27 I 
47 30 4.79 96 2.93 72 + D 
* D = difficult to maintain normal red blood cell count—, e., require liver extract by injection. 


easy to maintain normal red blood cell count on oral liver extract 
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clearance was quite low (46°; of normal) showed a slight decrease 
in hippuric acid secretion. 


TABLE 2.-—THE AVERAGE Hippuric AcID SECRETION OF 10 NorMaL INDIVIDUALS 


AND 45 PERNICIOUS ANEMIA PATIENTS WHEN CLASSIFIED AS TO THEIR 
THEIR CLINICAL STATUS. 


sz 
= E 

I. Normals. ‘ 10 3.15 10 0 
Il. Pernicious anemia p atients 51 2.59 19 26 
(a) With normal red blood cell cou nt 25 2. ot y lt 
(6) With red blood cell count not norma! 24 2.62 u 15 
(c) With normal urea clearance . ‘ = 27 » 80 14 13 
(d) With urea clearance below 70% : 20 2.40 5 15 
(e) With early or no cord involvement 26 2.89 15 11 
(f) With moderate to advanced cord involvement 19 2.35 3 16 
(g) Under 60 years of age 2.91 13 7 
(h) Over 60 years of age. 25 2.49 6 19 
(i) With no arteriosclerosis or other complications 18 $00 2 6 
(7) With arteriosclerosis or other complications 27 2.43 6 21 
(k) Easy to maintain with normal red blood cell 
count . 17 > 80 10 7 
(l) Difficult to “maintain with normal red blood 
cell count 2.53 6 15 


TABLE 3.—THE AVERAGE Hippuric AciIp SECRETION OF 10 NorMAL INDIVIDUALS 
AND OF 27 PERNICIOUS ANEMIA PaTIENTS Having UREA CLEARANCE. 


= =n 
on N 
32 
pat 
II. Pernicious anemia p atients ; 27 14 13 
(a) With normal red blood cell count 19 8 1l 
(b) With red blood cell count not normal 10 6 4 
(c) With early or no cord involvement 19 12 7 
(d) With moderate to advanced cord involvement 8 2 6 
(e) Under 60 years of age i. ae is 10 5 
(f) Over 60 years of age . 12 4 8 
(g) With no arteriosclerosis or other comp lication 13 8 5 
(h) With arteriosclerosis or other complications 14 6 i) 
(i) Under 60 having no or early central nervous 
system involvement and no complications. 9 3.19 7 2 
(7) Easy to maintain with normal red blood cell bh 
counts . 12 2.94 8 4 
(k) Difficult to maintain ‘with normal red blood 4 


When the patients were grouped as to their clinical condition 
(Tables 2 and 3) it can be readily seen that those over 60 years, 
those having more advanced central nervous system involvement, § 
and those having more advanced arteriosclerosis, infection, or F 
diarrhea of long standing had distinctly lower average hippuric acid 
secretion than those not having these complicating factors. This 
applies both to the patients with these complications having low 
and to those having normal urea clearances. The 9 patients who 
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had a normal urea clearance and none of the above complicating 
factors had average secretions of 3.19 gm. per 4 hours. This is 
identical to the average of the normals. The 9 patients with at 
least four complications, including low urea clearance, averaged 
2.15 gm. 

Beebe and Lewis,' and Fouts and Zerfas? have shown that the 
older patients, the patients having more advanced cord involve- 
ment, the patients having a greater degree of arteriosclerosis, and 
those having infectious complications require more liver extract to 
maintain a normal red blood cell count than those not having these 
complications. As shown above, these complications are asso- 
ciated with lower average hippuric acid secretion. The patients 
difficult to maintain naturally, therefore, had a lower average 
hippuric acid secretion than the ones who could maintain a normal 
red blood cell count while taking oral liver therapy. It cannot be 
definitely shown, however, that in any of the patients examined 
a decreased liver function, as evidenced by a low output of hippuric 
acid, is the sole cause of the increase in requirement for liver extract. 
Patient 23 maintains a red blood cell count slightly below 4.5 million 
most of the time in spite of oral and parenteral therapy. The 
presence of a very low hippuric acid secretion in this case is sug- 
gestive that poor liver function is the cause of this. However, she 
gives a history of long-standing urinary infection. When first 
examined she could not gain weight and did not feel up to par. 
The urea clearance was only 72% of normal. When reéxamined, 
she had gained weight and felt much better. The urea clearance 
had increased to 97°; of normal. The hippuric acid secretion, 
however, had only increased from 1.16 to 1.38 gm. The red blood 
cell count remains at about the same level. Patient 17 is the 
only one having no known complications and normal urea clear- 
ance who has a very low (1.87 gm. average) hippuric acid secretion. 
He has maintained a normal red blood cell count on oral therapy 
for the 3 years that we have followed him. During the preceding 
4 years he apparently had been able to do very well when he took 
liver extract regularly. Only 2 of the patients having no known 
complications cannot maintain a normal red blood count on oral 
liver therapy. Their hippuric acid secretion was 2.65 and 3.89 gm. 
Patient 40 secreted 3.89 gm. of hippuric acid when in blood relapse. 
After the red blood cell count reached normal he developed a 
catarrhal jaundice. There was no apparent increase in require- 
ment of liver extract, but the secretion of hippuric acid decreased 
to 1.69 gm. Patients 46 and 47 (not included in Tables 2 and 3) 
give a history of long-continued diarrhea and have had blood pic- 
tures similar to that seen in pernicious anemia. They both have 
free acid in the gastric contents, yet require liver extract by injec- 
tion to maintain normal red blood counts. Their hippuric acid 
secretions were 2.84 and 2.93 gm. respectively. 
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Discussion. It is evident that there is no marked dysfunction 
of the power of the liver of pernicious anemia patients to conjugate 
benzoic acid. Their secretion of hippuric acid, however, varies 
with their general condition. As has been previously shown, the 
patients with poor kidney function secrete smaller amounts of 
hippuric acid than those with normal function. In a paper in 
press it will be shown that the older patients, the patients having 
advanced cord involvement, infection and the degenerative com- 
plications are more apt to have lower urea clearances than the 
pernicious anemia patients who do not have these complications. 
However, even in the patients in the above groups who do have a 
normal kidney function there is a decrease in the secretion of hip- 
puric acid. The patients who have these complicating factors have 
previously been shown to require more liver extract. 

Conclusion. In general, it can be assumed that the decrease in 
secretion of hippuric acid in pernicious anemia patients and the 
increase in requirement of liver extract are both the result of 
the complicating factors. Decreased liver function, as estimated by 
the ability of the liver to conjugate benzoic acid, was not shown to 
influence the requirement of liver extract. 
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THE LEUKOPENIC INDEX. 
WITH REFERENCE TO NORMAL WHITE BLOOD CELL VARIATIONS. 
By ZELLER, M.))., 


CHICAGO, ILL. 
Tue leukopenic index was introduced by Vaughan,'"”’ in 1934, as a 


new diagnostic procedure in allergic diagnosis to supplement the 
usual skin tests, trial diets and clinical methods. Since the initial 
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communication the clinical application and value of the leukopenic 
index has been clearly demonstrated in a number of reports. 
Vaughan! found that the procedure facilitated more accurate diag- 
nosis in food allergy. Rinkel®** has reported concerning its value 
in infantile eczema, intractable food allergies, and as a diagnostic 
aid. Gay? utilized the leukopenic index in the diagnosis and treat- 
ment of peptic ulcer, and Zeller” has found it of value in the diagnosis 
and treatment of intractable asthma. 

Vaughan's communications state briefly that a food to which a 
patient is sensitive will produce a postingestive leukopenia, whereas 
a food not productive of symptoms will produce a leukocytosis, 
but the cell decrease or increase should exceed 1000 cells or more 
before one could regard the response as significant. Rinkel and 
Gay’ have described the more important types of postingestive 
white blood count food curves together with their clinical inter- 
pretation. A number of questions have arisen, however, relative to 
the reliability of the fundamental basis of the test.' 

Sabin, Cunningham, Doan and NKindwall’ report “marked 
fluctuations in the total leukocyte count in the fasting, resting state 
when counts were made at intervals of fifteen minutes,” but atten- 
tion should be called to the fact that 3 of the 6 experimental subjects 
continued their usual laboratory activities throughout the course of 
the experiment, and 3 others ingested food during the test period. 
Medlar,* on the basis of white blood counts performed at 3- and 5- 
minute intervals on 3 subjects, reports wide variations of the counts, 
but does not state whether food, drink or exercise was permitted 
during the course of the experiment. Simpson,’ who reports con- 
tinuous variation in leukocyte counts, describes his conditions of 
experiment including subjects “of about the same age and working 
under much the same conditions as the staff of the Radiological 
Department except that they were not exposed to radiation.”” In 
Washburn’s!" series of white blood cell counts on infants he reports 
hourly fluctuations, but attention should be directed to the fact 
that the subjects were kept on the usual foods and routine. 

The reliability of these various reports is not questioned, but in 
view of the fact that the studies were done under wholly different 
conditions than the leukopenic index white blood cell counts, they 
cannot be accepted as a basis for refuting Or even raising a question 
as to the reliability of leukopenic index studies. Jones, Stephens, 
‘Todd and Lawrence* state that “under basal conditions, the total 
number of white blood cells in normal subjects shows only slight 
variations.”’ In their series the 2 cases presenting wide fluctuations 
were afflicted with respiratory infections but the remainder did not 
exceed fluctuations beyond 1500 cells. Ponder, Saslow and Sch- 
weizer’ state that “an afternoon rise was not regularly observed; 
indeed the white cell count frequently remained at a constant level 
throughout the day.” 
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The purpose of this communication is to present studies revealing 
white blood cell responses under various conditions, and to point 
out the reasons for the apparent discrepancies of the leukopenic 
index as indicated by previous reports on white blood cell responses. 

There are two fundamental important procedures in obtaining 
accurate blood studies for leukopenic index determinations.’ First 
is the preparation and control of the patient, and second is making 
the blood studies under uniform conditions. 

The patient is instructed to eat a light supper and to obtain a 
good night’s rest with instructions to report at S or 9 A.M. without 
food, drink or smoking. He is seated for a hour in a room main- 
tained at constant temperature and told to relax, and be at ease as 
much as possible avoiding conversation with other patients and all 
unnecessary movements throughout the entire test period. Fol- 
lowing the initial rest period a fasting white cell count is done, after 
which the test food is immediately eaten, taking care not to take 
more than 3 to 5 minutes to do so. Until one is familiar with the 
test it may be advisable to perform 2 fasting counts at 10-minute 
intervals. Subsequent white cell counts are then done at 15- to 20- 
minute intervals until the curve reflects adequately the nature of 
the food response. It should be emphasized that the patient is to 
maintain absolute rest and quiet during the course of the test. 

The technique of the count is as follows: a sharp lancet is used to 
obtain a free flow of blood from the finger, the same pipette is used 
for a given serial count, and to obtain equal and uniform dispersion 
of the cells the pipette is shaken in the same manner and period of 
time for each count. After discarding the first drop of blood the 
second and third are placed in the counting chamber and after 
several minutes elapse to permit complete settling of the cells, counts 
of the 8S squares are made and recorded. Precautions to keep the 
pipettes perfectly clear are essential. The presence of a thin film 
noted by dark discoloration of the pipette lumen may be eliminated 
by cleansing with alcohol and nitric acid. 

This study includes serial white blood cell counts taken on 10 
individuals under various conditions. ‘The resting counts in 8 
instances were done by preparing the subjects in the manner already 
described. The white bleod cell counts taken after violent exercise 
included in each instance running up and down 6 flights of stairs. 
Under “mild activity” are recorded counts taken while the indi- 
vidual was performing routine office and laboratory work. In 5 
subjects serial counts were performed following heavy meals in- 
cluding soup, full meat and vegetable courses, dessert and a drink, 
while in 2 others counts were done after light meals consisting of 
1 pint of milk and 2 crackers. In the allergic individuals there were 
no foods given to which there was a sensitization. 
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The white blood cell counts taken at intervals under conditions 
of rest and fasting over extended periods varying from 45 minutes 
to 3} hours reveal fluctuations of 200 to 750 cells. Any single series 
of counts, however, will show a consistently basic level, with an 
occasional departure of a count from this level. It is these counts 
which account for the wider fluctuations, but even these are well 
within the limit of 1000 cells which Vaughan gave as the range of 
variation before a count should be regarded with import. In the 
usual positive leukopenic index it is necessary that in addition to a 
drop in the white cell count there must be sustained or even further 
drop in this count when continued at intervals. Variations such as 
presented in this rest and fasting series remain close to the basic 
counts, and do not resemble a positive leukopenic index. A positive 
leukopenic index reveals definite types of fluctuations character- 
istic of sensitization. Control fasting and resting counts when 


TABLE 1 Wutre Broop Count ON 10 INpiIvipuALs 


Number Length of Range of 
ot of W. B. ¢ 
Condition count counts fluctuation 
of patient (use made, hrs Range of W. B, ¢ cells 
3 2 7400-8050 650 
2 5 1} 1900-5400 500 
3 5300-5500 200 
5 14 3} 5SOO- 6400 600 
Ss 12 3 5SO00- 6500 TOO 
» 5300 500 
10 7 1? DAOO-O150 750 
l 1} STOO-SSOUO 100 
1: 1400-5900 1500 
Mild activity 6 7 21 5500-7400 1900 
7 i l 3800-6200 2400 
2 l 5300-6900 (returned to 1600 
normal in 30 min 
2 1 l 5300-7 100 (returned to 1S00 
Violent exercise = 
normal in 15 min 
l 4100-5900 (returned to 1SOO 
\ normal in 15 min 
2 3 1900 6700 (returned to 
After light meal normal in 1 hr.) 
and rest . . 9 10 3 5000-7600 (returned to 1600 
normal in 2} hrs. 
l 7 1? 9100-13,100) (returned 1000 
to normal in 1 hr. 
3 4 3 5400-8400 (returned to 3000 
6300, 3 hrs. later 
\fter heavy 1 S 23 3800-8900 (returned to 5100 
meal 4400, 23 hrs. later 
5 5 2} 6200-9800 (2) hrs. later 3600 
7200) 
6 3 2} 7900-10,300 (14 hrs. 2400 


later S400) 
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plotted reveal practically a straight line without a sustained in- 
crease or de. cease in the counts, whereas the usual leukopenic index 
will not only reveal striking decreases in white blood cells totaling 
as high as 4500 cells, but this decrease will be sustained through 
variable periods. 

The influence of a heavy meal is noted in 5 instances showing 
increases of white blood counts varying from 2400 to 4800 cells, 
hut gradually returning to the pre-prandial status in 1 to 3 hours. 
Light meals taken after a resting period resulted in increases of 
ISO00 to 2300 white blood cells with a gradual return to the basic 
count in from 1 to 1? hours. 

In 3 instances violent exercise resulted in immediate elevation of 
the counts varying from 1600 to 1800 cells. This increase was of a 
transient character as the basic level was reached again in 15 to 
30 minutes. Mild activity over periods of 60 to 75 minutes resulted 
in white cell fluctuations from 500 to 2400 cells. 

Summary. Serial white blood cell counts taken under resting 
and fasting conditions reveal consistently uniform counts with 
variations not exceeding 750 cells. The larger variations are infre- 
quent, and for the most part the counts are within 200 to 300 cells 
of one another. 

The influence of mild and violent exercise is noted by definite 
white cell increases with a return to the pre-exercise period within 
30 minutes. 

Heavy and light meals result in white cell responses increasing 
in proportion to the quantity of food ingested and sustained in 
gradually decreasing numbers for as long as 3 hours. 

Previously reported work on white blood cell responses used as a 
criterion for questioning leukopenic index studies cannot be accepted 
as a basis for evaluation, since the conditions of experiment were 
dissimilar. 

Clinical evidence, previously reported work, and the present 
studies appear to substantiate the leukopenic index as a new and 
valuable aid to supplement the usual methods of diagnosis in allergic 
studies. 
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A CHEMICAL PECULIARITY OF PELLAGRA BLOOD.* 
SECOND REPORT. 
By Coyne H. Camppety, A.B., M.D., 


INSTRUCTOR OF NEUROLOGY, UNIVERSITY OF OKLAHOMA SCHOOL OF MEDICINE 
OKLAHOMA CITY, OKLAHOMA. 
WitH THE TECHNICAL ASSISTANCE OF 
S. R. Suaver, B.S. 


In a preliminary note,' the author reported observations relative 
to the phenomenon of rapid iodine decolorization by the erythro- 
cytic mixture of pellagra blood. In that study it was found that 
under a standard technique, pellagrous blood reduced iodine solution 
at a constantly greater rate in comparison with normal controls 
and in comparison with samples from a variety of non-pellagrous 
pathologic conditions. It was proposed that this reaction might 
be of clinical value in the diagnosis of pellagra. 

During the past 4 years, further confirmatory work has been 
done, but this report deals with a study of the modification in 
technique advocated by Sotelo? in 1935. This modification in 
technique is essentially that of stirring the erythrocytic coagulum 
with a glass rod immediately upon adding the alcohol-ether mixture. 
The Lugol solution is then added in 1 hour. Five hours later, the 
tubes are compared with the standards. ‘The interpretation of the 
test is as previously reported. The glass rod may be removed 
without adhesion of any particles after the mixture is thoroughly 
stirred. The mixture is stirred until it becomes a fine, granular 
mass. By this technique, the total time involved in the test is 
therefore 7 hours, in comparison with 19 hours by the former 
procedure. 

This modified technique and the original method were used on 
52 cases with normal controls; 17 of these cases had classical symp- 
toms of pellagra at the time of testing. In all, excepting 1, the 
tests were positive, ranging from mild to severe. Of 8 untreated 
cases, 7 gave severe reactions, and | a moderate reaction. One 
‘ase Which had classical symptoms of dermatitis, diarrhea and 
glossitis gave a negative reaction. This patient had been under 
treatment with yeast and pellagra diet intermittently for about 
a year, and had been taking yeast daily for about 3 weeks prior 
to the time of the test. It is believed that this latter fact had 
some bearing on the negative reaction. Ilowever, treated patients 
with active symptoms of pellagra have always, with the above 
exception, given positive reactions. 


* This work was made possible by a grant from the Medical Research Fund of 
the University of Oklahoma School of Medicine. 
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There were 8 cases with definite, classical symptoms of pellagra 
at the time of the test who had been under treatment varying from 
| to 4 months. These all gave positive reactions, ranging from 
mild to severe by the original method, and from mild to moderate 
hy the Sotelo modification. 

In this series, there were 3 pellagrins who had formerly been 
confined as inmates of mental hospitals with the diagnosis of 
“psychosis with pellagra.” The duration of treatment on these 
ranged from 3 to 5 years. They had consulted the physician with 
complaints consisting chiefly of “nervousness, general weakness, 
loss of appetite, and insomnia.” One of these patients had mild 
mental symptoms. ‘The test was run because of the history of 
pellagra. In all 3 of these the tests were positive. 


1. Comparison oF OrIGINAL TEST AND SOTELO MopDIFICATION. 


lodine Sotelo No. of 
decolorization modification. Cases. 
l. Those cases giving positive reactions: 
\. Definitely diagnosed, untreated, Severe Severe 7 
classical cases of pellagra Moderate Moderate 1 
B. Definitely diagnosed, treated Mild to Mild to 
pellagra; symptoms present severe moderate Ss 
at time of test 
(. Cases treated-over several years Mild Mild 2 
(past history of psychosis Moderate Moderate 1 
with pellagra; vague nervous 
and mental symptoms at time 
ol test 
II Those CASES Gilitng egatrve reactions: 
\. Treated pellagra; symptom-free Negative Negative 11 
at time of test 
B. Definitely diagnosed pellagra, Negative Negative 1 
treated, but with classical 
SVinptoms present at time ol 
test 
(. Suspected pellagra 
l Asymptomatic, and tested Negative Negative 9 
solely because of mal- 
nourished appearance 
2. Suspected because of cer- 
tain symptoms pres- 
ent Final clinical 
diagnoses were 
Cholecystitis Negative Negative l 
Hypertension and neph- Negative Negative 1 
ritis 
Pulmonary tuberculosis Negative Negative 1 
Chronic salpingo-o6pho- Negative Negative 3 
ritis 
Carcinoma of stomach Negative Negative 1 
Pernicious anemia Negative Negative 1 
C.N.S. lues Negative Negative 1 
Psychosis with cerebral Negative Negative 1 
arteriosclerosis 
Undiagnosed Negative Negative 2 


Total 52 


660 CAMPBELL: A CHEMICAL PECULIARITY OF PELLAGRA BLOOD 


Kleven cases of treated pellagrins who were symptom-free at the 
time were tested. In each of these a definite diagnosis of pellagra 
had been made at the time of illness. Treatment ranged from 
S months to 8 years. In all of these, the reactions were negative. 

There were 21 cases of suspected pellagra. The disease was 
suspected in 9 individuals solely upon the basis of existing mal- 
nutrition. These people were residing in a community camp and 
volunteered to have the test performed. They had no symptoms 
of active pellagra at the time. The reactions to the tests were all 
negative. There were 12 cases in which pellagra was suspected 
because of the symptomatology. The tests were performed as a 
means of excluding the diagnosis of pellagra. Dermatitis was not 
present in any of these cases. Symptoms which led to the suspicion 
of pellagra were: diarrhea and mental changes. The accompanying 
Table 1 reveals the final clinical diagnoses. 

The modified technique was compared with the original in each 
case and it was found to be much more rapid, but not so highly 
differentiating. That is to say, in general, the reactions by the 
modified technique were very rapid, and in some cases, the color 
difference was not so great as in the original procedure. It is 
found that the amount of decolorization of the iodine varies with 
the room temperature. The rapidity of iodine decolorization in 
all samples is proportionately jared with an increase in room 
temperature. It is noted that, by the new technique, in cases of 
severe pellagra, the test may be read within 2 hours after the iodine 
is added. It is important to develop a constant technique of 
stirring the erythrocytic coagulum so that the texture is the same 
in the control and the patient. 

No explanation for this phenomenon of relatively rapid iodine 
decolorization by the erythrocytic mixture of pellagra blood can 
be offered by the author at the present time. Work is being done 
toward this end, but as vet, no conclusive data have been acquired. 

Conclusions. ‘The modification in technique advocated by Sotelo 
is of definite value as a time-saving procedure. It is not so highly 
differentiating as the original method because of the increased 
rapidity of iodine reduction which takes place in both the normal 
and pellagra specimens, resulting in a less-striking difference in 
color change when compared with the standards. Our experience 
continues to show that the erythrocytic mixture of pellagrous blood 
reduces iodine more rapidly than normal or other pathologic 
specimens. 
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PAREDRINE 
A CLINICAL INVESTIGATION OF A SYMPATHOMIMETIC DRUG.* 
By W. Oster Appotrr, M.D., 


INSTRUCTOR IN MEDICINE AND IN PHARMACOLOGY, UNIVERSITY OF PENNSYLVANIA 
SCHOOL OF MEDICINE, 


AND 
Cuartes M. Henry, M.D., 
RESIDENT, PHILADELPHIA GENERAL HOSPITAL, PHILADELPHIA. 


From the Gastro-intestinal Section of the Medical Clinic, Hospital of the University 
of Pennsylvania.) 


PAREDRINE (the name which has been applied to 3-4-hydroxy- 
phenylisopropylamine) was first described in the literature of the 
German patent office in 1913,4 but has aroused little interest since 
that time. It belongs to the class of sympathomimetic drugs both 
on the basis of its chemical structure (Fig. 1) and of its behavior 
in animals.'? The common drugs of this type produce so many 
simultaneous effects that their use for any specific purpose is limited. 
On the chance that paredrine allied as it is, on the one hand, to 
epinephrine and on the other, to ephedrine, might possess some of 
the characteristics of this group to an intensified degree and others, 
if at all, only to a slight extent, we were led to determine more 
extensively its action in man. Our purpose has been not so much to 
treat disease as to study the reaction of the normal adult to the drug; 
nevertheless, when the presence of certain diseases enabled us better 
to demonstrate specific effects of the drug, we have used suitable 
patients. Several series of studies differing widely in method have 
enabled us to formulate a more or less complete picture of the usual 
response of the individual as a whole to paredrine in various dosages, 
and to observe the occasional unusual reactions. 


Material and Methods. The subjects upon whom these observations 
were made may be grouped as: 1, healthy individuals, usually medical 
students; 2, hospital patients subject to illnesses not affecting the experi- 
ments; and, 3, patients whose pathological physiology was such as to sug- 
vest that a sympathomimetic drug might affect it. Both sexes were in- 
cluded but the extremes of age avoided. 

In the main, routine methods of clinical examination served for a study of 
the effects of the drug on the heart, the pulse, the blood pressure, the urine 
flow, the pupils, the nasal mucosa and on the duration of local anesthesia 
of the skin. In addition, certain special studies were made, including those 
on intraocular tension by a Schiétz tonometer, on the movements of the 
small intestine by an intraintestinal balloon system* and by fluoroscopy after 
an opaque meal, and on skin temperature changes as determined by a 
thermocouple-galvanometer system. 


Resuurs. I, Systemic Administration. A. Effects of Single Doses. 
|. On THE CARDIOVASCULAR SystEM. (a) Blood Pressure: Paredrine 
caused a rise in blood pressure (Table 1) when 10 to 20 mg. were 


* Aided by a grant from Smith, Kline & French Laboratories. 
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injected subcutaneously or when 20 to 40 mg. were given by mouth. 
Larger doses up to 40 mg. subcutaneously and to 60 mg. by mouth 
were used in some instances, but occasionally produced unpleasant 
symptoms; smaller doses were ineffectual. Only one unpleasant 
reaction occurred within the ordinary range of dosage. Orally ad- 
ministered, paredrine as compared to ephedrine produced its effect 
more rapidly, but acted fora shorter time (Fig. 2); injected, paredrine 
likewise acted more quickly than epinephrine, but it maintained its 
action for a longer period (lig. 3). 


EPINEPHRINE 
OH NH 
CH, 
—OH 
C C— C—H  PAREDRINE 
| 
H N-H H 
OH 
—C—C—C-H 
OH N-H H 
CH, 
Fic. 1.--The chemical relationship of paredrine to epinephrine and to ephedrine, 


(b) Cardiae Mechanism: Vhe heart rate decreased as the blood 
pressure rose in almost every case (Table 1, Figs. 2 and 3). The 
rhythm was occasionally altered, extrasystoles ‘appearing not infre- 
quently, while in two instances a persistent coupling of the beats 
occurred during the height of the blood pressure rise: once in a case 
of Addison’s disease and once in a normal young woman of 21. 
Systolic murmurs and splitting of the heart sounds often accom- 
panied the rise in blood pressure. 

(c) Skin Temperature: The temperature of the skin over the toe 
pulps of 13 normal individuals was tested after oral doses of 20 to 
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60 mg. of subcutaneous doses of 10 to 20 mg. had been given. In 
10, no definite change occurred; in 1, following an injection of 40 
mg., the temperature fell slightly; in 2, after the injection of 20 
mg., a definite rise took place. These observations confirm the im- 
pression one occasionally receives of a slight flush after paredrine, 
in sharp contrast with the usual pallor and fall in skin temperature 


PAREDRINE AND EpHEpDRINE. BLoop PRESSURE AND PULSE CHANGES 


PARE DRINE - 40 MG BY MOUTH 
220 
S 
OOF 
90+ 
45 5 30 45 60 90 One 50 210 
EPHEDRINE - 90 MG. BY MOUTH 
220- . . 
= 
on. 
90+ 
— 
45 30 5 5 30 45 6 ‘ 


Fic. 2.—The comparative effects of paredrine and ephedrine upon the blood 
pressure. Effective doses of the two drugs were given by mouth to normal subjects. 
The results upon 5 unselected cases from each group are presented. 


after epinephrine (Fig. 4). In 5 of 6 cases of Buerger’s disease tested 
after paredrine, little change in skin temperature resulted; in 1 
individual, | of 2 upon whom periarterial sympathectomies had been 
done, an oral dose of 40 mg. caused the skin temperature to rise 
abruptly (Fig. 5), in the diseased leg only. A similar result was 
subsequently obtained in this individual by 90 mg. of ephedrine. 
In both instances this rise in temperature coincided with the rise of 
blood pressure. 


9 
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(/) Urine Flow: In 13 subjects the urine flow was measured for 
» hours before and for 2 hours after giving the drug. In each in- 
stance the fluid intake of the subject was restricted to a measured 
volume of water given hourly during the experiment. The volumes 
of the urine collection bore in general a direct relationship to the 
hlood pressure changes (Table 2). Traces of protein were detected 
only twice during these experiments. 


PAREDRINE AND EPINEPHRINE. BLOOD PRESSURE AND PULSE CHANGES. 
PAREDRINE - 20 MG oe 
220 
I80 
= 140 
__60F 
90 
= 
4 70 
60 
TIME-MIN45 30 15 O 15 30 45 60 90 120 150 180 210 
EPINEPHRINE - 0.5 MG. us 
| 
OF 
O 
I SYSTOL 
=> 
lOOF 
60F DIASTOLIC 
90F 
< vy \ 
PULSE 
45 30 o 30 45 60 90 120 i180 210 


Fic. 3.--The comparative effects of paredrine and epinephrine upon the blood 
pressure. Effective doses of the two drugs were injected subcutaneously into normal 
subjects. The results upon 5 unselected cases from each group are presented. 


2. ON THE GaAsTRO-INTESTINAL SysTEM. (a) Subjective Symp- 
toms: Subjective evidence of the effects of paredrine on the digestive 
tract was notably lacking in all but 2 subjects. In these 2 severe 
reactions occurred, as will be described later. In no other instance 
Was nausea, vomiting, abdominal distress or call to stool observed. 

(b) Objective Evidence: Two cases were studied by the balloon 
method. Kymographic tracings of duodenal contractions showed no 
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temperature. 


each group 5 cases were selected for presentation, those showing the greatest and the Pa 


least responses being included. 
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Effective doses of the two drugs were injected subcutaneously. 


The comparative effects of paredrine and epinephrine upon the skin 
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evidence of a response to either 49 mg. by mouth or 20 mg. sub- 
cutaneously. Reeords of ileac contractions in the same individuals 


Buercer’s Disease. PertarreRiAL SYMPATHECTOMY. 
SKIN TEMPERATURE 
32] “Sa 
a 
e 
30° ~e 
r 
a JORMAL FOOT 
o ae PAREDRINE 40 mg. by M. @ 
a 
4 \ EPHEDRINE 90 me. by M. 
26-5 
7 
MINUTES 
BLOOD PRESSURE 
| ja 
2005 | 
\ 
7 | \ 
4 
./* 
T T T T T 7 
120 180 
MINUTES 


Fic. 5.—The effect of paredrine and ephedrine upon a case of Buerger’s disease. 
Che comparative effects of the two drugs upon the normal and upon the affected 
foot are shown. Though only the ephedrine caused a cooling of the normal foot, both 
drugs caused warming of the diseased foot coincident with the increased blood pres- 
sure. A bilateral periarterial sympathectomy had been performed upon this patient 
6 weeks before these observations were made, but upon another case of Buerger’s 
disease similarly operated upon, no such results were obtained. 
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showed, in one, after the oral dose no effect, in the other, after the 
subcutaneous injection a slight decrease in activity. Simultaneously 
with the taking of the balloon records in the subject receiving the 
subcutaneous injection, an opaque meal of barium sulphate was 
observed under the fluoroscope. Gastric activity remained normal, 
but a slight decrease in small intestinal activity was noted. 


2.—Errect oF PAREDRINE ON THE UrINE 


Rise in Fluid 


Dose* Mode systolic intake Urine collections in ex 

in of B. P., per hour, Pro- 
mg. admin. Age. mm. Hg. ec Ist hr 2d hr 3d hr. 4th hr Ratio. tein 
20. Mouth 50 24 100 10 75 SO 115 10.17 0 
20 Mouth 59 60 100 50 65 125 50 10.15 0 
410 Mouth 30 5A 100 10 140 140 25 10/15 0 
10 Mouth 51 36 100 15 28 33 50 10,20 0 
40 Mouth 21 10 100 33 235 75 60 10/5 0 
10) Mouth 30 100 200 25 SO 360 200 10/53 0 
10 Mouth 26 52 200 75 225 650 260 10.30 } 
10 Mouth 27 S4 200 5A 38 85 55 10/16 
60 Mouth 26 62 200 §2 140 170 320 10 41 0 
60 Mouth 30 26 100 160 140 110 150 1 0 
20 Hypo. 16 64 100 30 10 70 295 10/42 0 
40 Hypo. 26 1S 200 52 140 170 320 10/41 0 
10 Hypo. 29 96 100 54 100 250 210 10/30 0 


* Drug given after the second hour urine collection. 
Tt Ratio of the average hourly output before and after the drug. 


4. ON THE CENTRAL NERVOUS SysTEM. In no subject receiving 
a dose insufficient to produce blood pressure elevation did central 
nervous system symptoms occur. With effective doses, palpitations, 
a sense of tightness across the lower chest and sweating occurred, 
but in none of them was a tremor of the fingers or a sense of appre- 
hension apparent. Mild headache occasionally appeared, be- 
coming very intense in the 3 subjects who showed marked reactions. 
It was impossible to know whether these effects were due directly 
to central nervous system stimulation by the drug or secondarily to 
the effects of the hypertension which it had produced. 

4. ON THE Resprratory System. Aside from its local action on 
the nasal mucosa, the most important site of possible respiratory 
system effect was expected to be the bronchial musculature. As the 
normal subject provides little opportunity for detecting bronchial 
relaxation, asthmatics were studied during acute attacks. The 
drug was given in doses of 20 to 40 mg. by mouth and of 10 to 20 mg. 
subcutaneously to a few suitable patients during repeated attacks. 
While some slight relief of the attack was usually observed from 
5 to 10 minutes after the time of administration, most of the attacks 
continued until epinephrine was injected. In no case did prompt 
relief of asthma occur following paredrine in a manner comparable 
to that seen after epinephrine. 
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B. Effects of Repeated Doses. ‘Three bedfast patients, a boy of 
16 vears, and an adult, both with Pott’s disease, and a second adult 
with chronic tuberculosis of the hip, were studted with regard to 
cumulative effects. After a week's observation of the pulse and 
blood pressure, a dose of 20 mg. of paredrine was given 3 times a 
day for a week. In none did a significant change in the blood pres- 
sure or the pulse occur. None complained of headache, insomnia, 
palpitations, loss of appetite, change in bowel habits or of pain. 

C. Undesirable Reactions Following Systemic Administration. |*o|- 


» 


lowing but 3 of the 574 doses of paredrine the effects of which we 
have observed, have definitely undesirable reactions occurred, and 
in each instance the dose was large. ‘Two severe reactions occurred in 
group of 6 subjects who received 40 mg. of the drug subcutaneously, 
and | moderately severe reaction in the group of 14 who received 
the same dose by mouth. 


Case Abstracts. (ase 1.—G. H.,a white, male, medical student aged 23, in 
normal health, was given 40 mg. of paredrine subcutaneously. In 5 minutes 
the blood pressure had arisen from 112/50 to 132/60 with the appearance of 
mild palpitations. In 10 minutes the pressure had risen to 190/90 and a 
severe throbbing occipital pain had suddenly appeared. Extreme nausea 
followed as the blood pressure reached 200/90. Nitroglycerine (0.6 mg.) 
was given by mouth 25 minutes after the paredrine, with no apparent effect 
on the blood pressure or on the symptoms. Profuse sweating was constantly 
apparent and 15 minutes later vomiting ensued. A second 0.6 mg. dose of 
nitroglycerine was given } hour later, again without effect on blood pressure 
orsymptoms. The headache persisted in intense form for an hour, gradually 
subsiding as the blood pressure fell, but in modified form it remained 
throughout the next day, and appeared after the slightest exertion for 2 
more days. 

Case 2.—M. S., a white woman aged 22, admitted because of migraine 
attacks recurring over a period of 4 years, was given 40 mg. of paredrine 
subcutaneously during a period of normal health. Within 5 minutes her 
blood pressure had risen from 108/76 to 140/86 and she began to complain 
of a pain in the right parietal region and of nausea. The pain then became 
diffuse and throbbing, rapidly increasing as the blood pressure rose to a 
peak of 170/90. At this time, 25 minutes after the paredrine injection, her 
pain Was so intense that she was given an injection of acetyl s-methyl- 
choline. Her blood pressure immediately fell to 104/50 with prompt 
abatement of the headache but with the usual drenching sweat. The pulse 
rose to 140. A dose of 0.4 mg. of atropine sulphate was injected sub- 
cutaneously 10 minutes later, and the blood pressure rose to 124/90, ac- 
companied by a fall in pulse rate to 64. The pain then recurred with great 
intensity in the vertex, accompanied by nausea and vomiting, and per- 
sisted unabated until relieved by morphine. The subject described this 
reaction as being much worse than any of her migraine attacks. 

Case 3.—B. R., a white male aged 44, admitted to the hospital for the 
study of a chronic pain in the lumbar region, was given 40 mg. of paredrine 
by mouth. He developed a throbbing frontal headache 45 minutes later, by 
which time his blood pressure had risen from 98/68 to 184/120. Sweating, 
nausea and retching accompanied the headache, and all symptoms subsided 
together as the pressure fell. The headache disappeared 1 hour and 50 
minutes after the paredrine had been given. 

VoL. 193, No. 5.—may, 1937 24 
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II. Local Administration. A. Ocular Effects.* In 22 instances 
the effects of a paredrine solution dropped into the conjunctival sac 
were observed (Table 3). The drug uniformly produced mydriasis, 
while in no instance was loss of accomodation observed. In no 
‘ase Was irritation felt or evidence of it seen. The intraocular 
tension was tested in 5 cases receiving solutions varying from 
0.15 to 2%, but no increase in pressure was noted. The full 
mydriatic response usually appeared within 60 minutes, and the 
total duration of effect was about 6 hours. The mydriasis could be 
readily neutralized by miotic drugs. 


TABLE 3.— Errecr oF PAREDRINE ON THE Eyer. 


(All solutions were administered by the instillation of 3 drops into the conjunctival 


sac.) 
Time intervals 
Concentration Beginning Maximal Duration of Degree of 
of paredrine, dilatation dilatation, dilatation, dilatation, 
per cent. min. min hrs mm 
0.1 ; 0 0 0 0 
0.1 0 0 0 0 
0.15 30 Ho 6 3.0 
0.15 0 0 0 0 
0.15 15 75 6 3.0 
0.15 0 0 0 0 
0.15 50 50 0.5 
0.15 50 5O 
0.15 0 0 0 aT) 
0.15 0 0 0 0 
0.15 30 70 15 
0.25 10 20) 6 1.5 4 
0.25 20 50 6 3.5 € 
0.25 30 50 6 2.0 r 
0.25 30 50 6 2.5 
0.25 20 50 6 2.0 
0.25 25 60 6 +0 
0.5 15 5 1.0 
1.0 15 50 rj 4.0 
2.0 13 120 7 5.0 
B. Duration of Local Anesthesia. ‘I'wo series of observations were ¢ 


made upon the power of paredrine to prolong procaine anesthesia 
following intradermal injection (Table 4). A solution of 0.2° 
paredrine was totally ineffective as compared to an epinephrine 
solution of 1:500 of that concentration. Instead of the zone of 
blanching produced by epinephrine at the site of injection, paredrine 
produced an erythematous area. 

C. Action on the Nasal Mucosa. |. NorMat Supsects. In 17 
individuals, solutions of 0.25% were applied directly to the nasa! 
mucosa. In no case did this fail to produce blanching and ap- 
preciable shrinking within 5 minutes. No irritation was complained 
of. The duration of this effect was from 2 to 3 hours. 


* Our thanks are extended to Dr. W. E. Fry for his kind assistance in the makin 
of these observations. 
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2. SuBsECTS WITH CONGESTION: In 22 patients with acute or 
chronic rhinitis it was determined that 0.25 to 1°% was sufficient 
to produce shrinkage. Then to each patient was given a 1-week’s 
supply and he was interviewed upon his return. All of 8 patients 
who received 1% paredrine had obtained unequivocal relief, while 
in the remaining 14 cases, variable results were secured. 


rapie 4.—Tue Errect or PAREDRINE AND EPINEPHRINE ON THE DURATION OF 
LocaLt ANESTHESIA FOLLOWING INTRADERMAL INJECTIONS OF 0.1 CC. 
Duration of anesthesia. 


Solution . 
and Subject 1, Subject 2, 


concentration. Per cent. min min. 
Distilled wate: 10 20 
Procaine 1.0 25 20 
Paredrine 02 0 10 
Epinephrine 0 002 0 
Procaine 10 
Epinephrine 0 O01 S5 75 
Procaine 1.0 
Epinephrine 0 O02 85 165 
Procaine 10 
Paredrine 0.01 30 10 
Procaine 1.0 
Paredrine 0.05 15 20 
Procaine 1.0 
Paredrine 0.1 25 25 
Procaine 1.0 
Paredrine 0.2 25 15 


3. A Supsective ComParison with IN DISEASE 
Conpitions:* To each of 20 University students applying to the 
Student Health Department for relief of acute rhinitis or sinusitis, 
3% ephedrine and either 1°% or 3°% paredrine in aqueous solution 
without a preservative were given. ‘Those comparing the ephedrine 
with the 1% paredrine tended to favor the former as more effective, 
in spite of its local irritant quality. When 3% solutions of the two 
drugs were compared, a preponderance of opinion favored the 
paredrine as being equally effective and less irritant. The insolu- 
bility of paredrine in oil prohibited its use in this medium. 

Discussion. ‘The results of this study of the effect of paredrine 
on man, confirm in general the studies by Alles' and by Alles and 
Prinzmetal,? of the action of the drug on animals, and similarly 
their conclusion that it is a sympathomimetic amine. Like the 
other drugs of this type, it markedly increases the blood pressure, 
presumably due to its producing vasoconstriction, though if this be 
the case, it is not clear why no striking pallor, cooling of the skin, 
or oliguria such as was usually found by Starr® to follow the adminis- 

* Our thanks are due to Dr. H. D. Lees and to his staff in the Student Health 


Department of the University of Pennsylvania, for granting us the facilities for this 
study, and for invaluable coéperation in carrying it out. 
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tration of epinephrine and ephedrine, was detected, or furthermore, 
why the drug fails to prolong local anesthesia in the skin, and why 
when injected intradermally it sometimes produces a local flush. 
A point perhaps of practical interest, though one not specific for 
paredrine, was its effect in a case of Buerger’s disease in increasing 
the local temperature of the diseased part. In the observed indi- 
vidual, the leg vessel whether from increased rigidity, or less proba- 
bly from partial ablation of the vasoconstrictor nerve supply, ap- 
peared to react as an inert tube by conducting a greater volume flow 
in response to a greater head of pressure. The slowing of the pulse 
following paredrine administration is doubtless a reflex through the 
depressor mechanisms, for the extrasystoles and the instances of 
coupled beats observed suggest, if anything, an increased irritability 
of the heart. 

Gastro-intestinal actions, if any are produced by this drug, are 
probably of no practical significance. 

The central nervous system may be stimulated, but little has been 
observed by us that could not be attributed to the rise in blood 
pressure per se since Schmidt® has shown that drugs raising the blood 
pressure increase the blood flow in the brain. No residual tremor or 
insomnia has been seen in subjects taking repeated doses, and 
residual headache after the fall in blood pressure has occurred but 
once in our subjects. . 

In the relief of asthmatic attacks we have been unsuccessful with 
doses which we felt at liberty to use. 

In the eye it appears to be a harmless, but effective, mydriatic 
of rather evanescent action, and perhaps advantageous for use in 
temporarily dilating the pupil. 

Upon the nasal mucosa, paredrine has an action like ephedrine, 
and probably distinguishable from it only by being somewhat less 
irritant in water solution. If in the course of time it should prove to 
be free from a central nervous system stimulating activity, it might 
find a place as an ephedrine substitute, though lack of solubility in 
oil is a point against it in this regard. 

It may be said then, that in the light of our experience with the 
action of paredrine upon human subjects, it may be defined as a 
sympathomimetic amine of considerable potency and fair relia- 
bility, whether given by mouth or subcutaneously, exhibiting its 
most definite effect by raising the blood pressure, and possessing 
potentialities for an extreme and unexpected vigor of action that 
suggest more an idiosyncrasy than a slight increase of susceptibility 
on the part of the subject for the drug. 

Summary. 1. Paredrine is a drug related in chemical composition 
to epinephrine and ephedrine. 

2. In raising the blood pressure it is about one-fiftieth as potent 
as*epinephrine if given subcutaneously, and is about twice as potent 
as ephedrine when given by mouth, 
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Its chief clinical actions are to raise the blood pressure, to 
dilate the pupil and to constrict the nasal mucosa. 

It occasionally produces exaggerated reactions suggesting an 
idiosvneracy rather than an overdosage. 
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OBSERVATIONS ON CORAMINE. 


By Joserpn Henry Cowan, M.D., 
ATTENDING PHYSICIAN, FROM THE DEPARTMENT OF MEDICINE, CHRIST HOSPITAL AND 
HOME FOR CONVALESCENTS OF CHRIST HOSPITAL, JERSEY CITY, N. J. 


Tue first published reference to the drug, Coramine, appeared 
in a paper by Lagier," in which, under the name nicotinic acid 
diethylamide, its pharmacologic properties were discussed. ‘Two 
vears later, Faust® suggested the more properly descriptive name, 
pyridine-beta-carboxydiethylamide, and briefly reviewed the facts 
regarding its synthesis and physiologic actions. Using a 25% 
aqueous solution under the trade name, Coramine, Thannhauser 
and Fritzel™ concluded that the new drug was of definite value in 
the treatment of collapse and of cardiac decompensation. The 
interest aroused by Coramine since Lagier’s report has been marked; 
almost 1400 publications dealing with it have made their appearance. 
Obviously, it would be impossible adequately to review these 
reports in the limits of a single paper; partly because of this and 
partly because of the excellent reviews recently published by Wood!’ 
and Daly,’ only those papers bearing directly on the problem 
which engaged my interest will be discussed in any detail in the 
present Communication. 

That Coramine is a powerful respiratory stimulant has been 
definitely established; the action being directly on the medullary 
center or through the carotid sinus. The direct application of this 
respiratory action has been made successfully in many forms of 
respiratory depression: as in the course of certain acute infectious 
diseases or in poisoning by carbon monoxide, anesthetic agents, or 
by overdosage with various hypnotic drugs. The demonstration 
of a direct action of Coramine on the circulation offers difficulties 
in intact animals and human beings. There is, first, the complicat- 
ing factor introduced by the well-recognized respiratory stimulation 
from Coramine; the deeper and more forceful respirations improving 
flow of blood to the heart. Then, too, various adjustments and 
alterations in the circulatory system may, at times, be compensa- 
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tory in nature, and at others be so combined as to render positive 
explanation impossible. Experiments with the isolated heart are 
open to the objection that conditions with it are so utterly artificial 
as to fail to give a correct picture of the behavior of this organ in 
the intact animal. 

The results of experiments carried out by different investigators 
with the object of ascertaining the nature of the Coramine action 
on the circulation have not been in complete harmony, as might 
be anticipated from the brief outline of the difficulties in the way 
of a study of such a nature. The earlier investigators, Lagier," 
Faust,’ Uhlmann,” Asher,’ and Burgi and Gordonoff,? concluded 
that Coramine was a stimulant to the circulation, acting on the 
myocardium or by vasoconstriction. Leyko," employing the Star- 
ling heart-lung preparation from the cat, described an increase in 
diastolic excursions of the heart and an increase in coronary flow 
following administration of Coramine. ‘This increase in coronary 
flow was also observed by Greene;? and Mezey," noting a similar 
effect on the coronary vessels, reported an increase in the diastolic 
excursions of the heart in the Starling preparation when Coramine 
was injected. 

Numerous clinical observations suggest circulatory improvement 
from Carmine medication.’ Especially worthy of note 
were the observations by Guth,'® showing that the administration 
of Coramine was followed by a definite increase in the rate of blood 
flow. In this country, Wood!’ has used Coramine chiefly for its 
action on the respiration; but he offers evidence to indicate that 
under its influence the depressed circulation, also, is stimulated by 
the drug. Daly,’ too, finds that Coramine is of distinct value, not 
only as a respiratory stimulant but also because of its favorable 
action on the myocardium. Gilmore® reports excellent results fol- 
lowing Coramine administration to patients with the so-called 
“neuro-circulatory asthenia;” a condition which this author regards 
as a definite pathologic entity and not merely a manifestation of a 
neurotic constitution. In a recent excellent paper dealing with 
acute coronary thrombosis, Winslow" states that both respiratory 
and circulatory stimulation may be effectively produced by Cora- 
mine; expressing the opinion that it is “a rapidly acting, non-toxic 
heart stimulant, as well as a coronary dilator.” 

Studies of the electrocardiographic changes induced by Coramine 
are few. Frommel’ states that the electrocardiograms of frogs and 
toads show a slowing of the heart rate and a shortened P-K interval 
under its influence. In guinea pigs and rabbits, on the contrary, 
there occurs a tachycardia, apparently from an action on the sino- 
auricular node. The P—R interval is shortened in the heart of these 
warm-blooded animals also; but slowing of the heart and A-B block 
may occur in the agonal stage after administration of fatal doses of 
the drug. The previous administration of atropine does not modify 
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the effect of Coramine on the batrachian heart; but section of vagi 
and sympathetic in the guinea-pig lessened the response to Coramine 
subsequently administered. Eisner* compared the effects of Cora- 
mine with those of digitalis and camphor in a small series of patients, 
and concluded that Coramine had no effect on conductivity, differing 
thus from digitalis. 

The present investigation was undertaken in the hope of shedding 
additional light on the circulatory action of Coramine, chiefly by 
electrocardiographic studies, but also by other observations which 
vielded results at times that were of interest. Eleven patients were 
observed over varying periods of time: 5, with no organic lesions 
of the heart, as controls; 6 with various types of heart disease. In 
all instances, a control electrocardiogram was taken before insti- 
tution of Coramine administration, and later tracings were made 
at frequent intervals during the period of observation. Coramine 
was given orally in fruit juices; the oral administration being sup- 
plemented in certain instances by intramuscular or intravenous 
injection of the ampule solution. All other medication, save the 
Coramine, was discontinued during the study, except when the 
contrary is noted. The essential data obtained in this study are 
given in the following abridged case histories. 

Case Abstracts. (Case 1. A female hospital librarian, aged 55, weight 
161 pounds. Examination is essentially negative, except that heart is 
slightly enlarged and blood pressure low, 100/78. B. M. R. varied from 
—1 to —25. On March 26, 1936, control electrocardiogram showed left 
axis deviation, sinus arrhythmia; P-R interval, 0.18 second; QRS, 0.04 
second. On this day, Coramine, 20 minims twice daily by mouth, was 
commenced. 

On March 30, 1936, after 4 days’ medication with Coramine, the patient 
volunteered the statement that she was feeling better. Her blood pressure 
was 115/70 and heart sounds were more distinct. Electrocardiogram: 
sinus rhythm; P-R# interval, 0.16 second; Q@ RS, 0.04 second. 

Repeated electrocardiograms were taken between March 30 and May 10, 
1936. At this latter date, patient felt greatly improved; her blood pressure 
was 130/80, and her weight 170 pounds. Electrocardiogram showed left 
axis deviation; sinus rhythm; P-R interval, 0.16 second; Q RS, 0.06 second. 
The ventricular complexes showed evidence of increased electrical voltages 
and the 7’ waves in Leads 1 and 2 were slightly reduced. 


Comment. Coramine was given by mouth, 20 minims morning 
and evening, over a period of 47 days; a total of 1880 minims (nearly 
t ounces) being taken. This patient, belonging to the group of 
neurocirculatory asthenia, was clinically improved during the period 
of Coramine administration. There was a decided absence of com- 
plaints, a continuous sense of well-being; the hypotension, which 
usually ranged from 100 to 110 systolic and seemed to be such a 
disabling factor, was elevated to 130, with a pulse pressure ranging 
from 40 to 50 mm. Given over a period of 7 weeks by mouth, 
Coramine produced no untoward physiologic effects such as nausea, 
vomiting, diarrhea or anorexia; on the contrary, in this particular 
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instance, appetite was improved and the patient gained 9 pounds. 
The urine remained normal during the entire period. Cardiograph- 
ically, no evidence of toxic changes in any of the components of 
the cardiac cycle could be demonstrated. The earliest graphic 
changes appeared to be an increase in the voltage of the main 
ventricular complexes of all leads, which changes remain consis- 
tently. Changes in the size and shape of the 7’ wave of Leads | and 
2 occurred, essentially directed toward a lowering of the voltages 
slightly, and a tendency of these waves to become diphasic. (‘The 
phenomenon of electrical alternation which was present at the onset 
of this observation was more clearly emphasized under the admin- 
istration of Coramine.) 

Case 2.- A male laborer, aged 41, weight 107 pounds. Examination 
was negative, save for a heart rather small in size. On March 21, 1936, 
control electrocardiogram showed P-R interval, 0.18 second; Q RS, 0.04 
second. Coramine, 30 minims twice daily was started. 

Two days later, patient reported that he felt better. The electrocardio- 
gram on this date showed no material alteration from control, except slight 
increase in the size of the main ventricular complexes in Lead 2, and an 
increase of from 2 to 3 mm. in Lead 3. The heart sounds were definitely 
louder than at the time of the first observation. On April 6, electrocardio- 
gram showed sinus rhythm; P-F interval, 0.18 second; Q RS, 0.05 second; 
and P I isoelectric. The 7 waves were larger in all leads. 


Comment. Coramine was administered by mouth over a period 
of 35 days, the total quantity taken being 140 cc., with no untoward 
effects. No toxic changes could be demonstrated clinically, or 
graphically in serial electrocardiograms taken over this period. The 
most pronounced and consistent changes were an elevation of the 
voltage of the main ventricular complexes in all the leads, but most 
marked in Lead 2, lesser fleeting changes occurred in the 7’ waves. 
Clinically, this patient remained in a state of euphoria, with good 
appetite, and volunteered the information that he was able to carry 
on his work with greater efficiency and less fatigue. 

Case 3.—A male laborer, aged 40, weight 150 pounds. Examination 
negative, except for blood pressure of 100/65. On March 24, 1936, control 
electrocardiogram showed sinus rhythm; P—R interval, 0.16 second; QRS, 
0.04 second. The administration of Coramine, 30 minims twice daily, was 
started. March 26, patient reported no change. Electrocardiogram showed 
a P-R interval of 0.18 second and QRS of 0.08 second, with increase in 
the amplitude of all the components. The final electrocardiogram, June 1, 
1936, showed sinus rhythm; P-R interval of 0.16 second; Q RS, 0.08 second. 


Comment. No significant changes were noted in blood pressure 
reading, pulse rate, heart sounds or urinalyses. Graphically the 
earliest change, noticed following the administration of Coramine, 
was an increase in the voltage of all the main ventricular complexes, 
which remained consistently throughout the investigation. Lesser 
changes in the 7’ wave were variable. 
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Case 4.A female laundry worker, aged 26, weight 127 pounds. Exam- 
ination revealed, as the only significant feature, a very active carotid sinus 
reflex. 

On March 26, 1936, electrocardiogram showed sinus rhythm; P-R inter- 
val, 0.16 to 0.18 second and QRS, 0.08 second. Coramine, 20 minims 
twice daily, was started. 

April 2, the patient was euphoric.  Electrocardiogram showed sinus 
rhythm; P-R interval, 0.16 second; Q RS, 0.06 second. There was a small 
U wave in Leads 1 and 2. Lead 1 showed a nodal or ventricular premature 
beat in the course of normal sinus rhythm; 73 isoelectric and tending to 
positivity. Ventricular complexes in Leads 1 and 3 showed increased 
amplitude. 


Comment. This control case was available for only a short 
period of study, subsequent efforts to gain her co6éperation being 
of no avail because she said she felt so well. A total of 24 cc. of 
(oramine orally was administered to this patient with no untoward 
physiologic or toxic effects. This patient was subject to fainting 
or syncopal attacks as a result of a bradycardia from an unusually 
high vagal influence. This was very beautifully demonstrated in 
the electrocardiogram by using only gentle pressure over the carotid 
sinus, as on one occasion the heart rate dropped to 20 on moderate 
pressure, and she represented such a sensitive mechanism I was 
afraid to manipulate too vigorously for fear of producing ventricular 
standstill. During this period of Coramine administration she 
experienced no faintness or syncope. The heart remained about 80 
and the patient felt well. The earliest graphic change was an 
increase in the voltage of the main ventricular complexes, this 
change remaining consistently until observation ceased. 


Case 5. A tailor, aged 44. Physical examination negative. On April 10, 
1936, control eleetrocardiogram showed left axis deviation; sinus rhythm; 
P-R interval, 0.18 second; QRS, 0.08 second. Coramine, 20 minims 
three times daily, was started. April 22, after a total dosage of 720 minims 
of Coramine, patient showed a gain of 6 pounds and reported that he was 
definitely more energetic and able to carry on his work with less fatigue. 
Eleetrocardiogram on this date showed left axis deviation; P-R interval 
of 0.2 second; Q RS, 0.08 second; enormously large 71, 10 mm. in height; 
72,7 mm. in height; and 73 inverted. 


Comment. These changes were particularly present in Leads 1 
and 2. Taken over a period of 12 days the patient showed no 
untoward physiologic effects. He reported a state of well-being 
at all times, an increased efficiency in performing his work and a 
lesser consciousness of fatigue. 

The cardiac and circulatory efficiency appeared to be increased 
by the Coramine administered. Apparently improvement in the 
stroke output and the minute volume output definitely increased 
the work capacity of the heart, thus bringing about an enchanced 
circulatory efficiency. 
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Case 6.—A male piano worker, aged 60, with a history of a chancre 
30 years ago, and only local treatment. Substernal pain on exertion for 
the past 5 years and attacks of nocturnal dyspnea. His systolic blood 
pressure was stated to be 238 mm. in January, 1934, and a 4+ Wassermann 
reaction was reported at this time. Active antiluetic treatment was carried 
out for 2 years, but his condition became steadily worse, so that he was 
unable to walk without development of substernal pain. 

April 12, 1936, examination revealed a well-nourished man with a blood 
pressure of 1800. Eye grounds showed narrow, tortuous vessels. Left 
border of heart well outside nipple line. Loud diastolie murmurs heard 
in second right interspace and at the base to the left of the sternum. Corri- 
gan pulse, tracheal tug, pulsating cervical vessels, and other signs of aortic 
regurgitation were present. Fluoroscopy in the A—P view showed a marked 
rounding and elongation of the heart and elongation of the aorta, with 
accentuated knob. The descending aorta was enlarged and probably 
aneurysmal. Slight enlargement of the liver. The diagnosis was luetic 
aortitis, with aortic regurgitation, and aneurysm. April 13, 1936, control 
electrocardiogram showed sinus rhythm; P-R interval, 0.2 second; QRS, 
0.08 second. The QRS was aberrant; 72 and 73 were negative and cove 
plane; P2 broad and bifid. Coramine, 30 minims twice daily, was started 
April 15, electrocardiogram unchanged, save for some increase in the ampli- 
tude of the main ventricular complexes. May 11, patient reported that 
he was definitely better and that he had walked up a steep hill without 
dyspnea or substernal pain. Blood pressure was 158/0. May 18, patie nt 
volunteered the information that he had not felt so well for the past 2 years. 
He was able to continue his work as a piano tuner with no discomfort. 
The electrocardiogram on this date showed a great increase in the voltage 
of the main ventricular complexes in Lead 2. 

Twice to three times weekly, 5.5 ec. of Coramine were injected intra- 
muscularly in addition to the regularly administered oral medication. 
May 20, patient was not complaining, but on auscultation of the heart 
sounds, premature beats within the regular sinus rhythm could be detected 
at every eighth, or at times, every fourth beat. The electrocardiogram 
showed a P-R interval of 0.2 to 0.26 second and, in Lead 2, coupled rhythm 
at intervals of 4 to 8 beats, and the occurrence of prem: ture auricular beats 
in the Lead 3, the question arose as to whether these changes were signs 
of an early toxic action of Coramine. Since the man’s condition was good, 
it seemed permissible to continue Coramine medication under careful 
observation. On May 25 the patient complained that his heart had been 
acting queerly, but the electrocardiogram on this date showed no arrhyth- 
mia. Oral and intramuscular administration of Coramine was continued. 
June 5, after a total of more than 8 ounces of Coramine, the electrocardio- 
gram was negative, save for a P-R interval of 0.2 to 0.22 second. The 
patient continued to feel improved. 


Comment. In this patient, with severe organic cardiac disease, 
the continuous administration of Coramine, orally and by intramus- 
cular injection, until a total of over 8 ounces was given, resulted 
in an apparent improvement in the man’s condition and no signs 
of toxic action. 

Case 7.—A housewife, aged 30, weight 135 pounds, gave a history of 
rheumatic fever, recurring annually or semi-annually. Has recently noted 
dyspnea on exertion. Physical examination revealed a loud, blowing sys- 
tolic murmur in the mitral region and heart enlarged considerably to the 
left. Control electrocardiogram showed sinus rhythm; P-R interval, 0.14 
to 0.16 second; Q RS, 0.06 second; large 7 waves, and slight aberration of 
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QRS1. Coramine, 30 minims twice daily by mouth, started April 15; in 
addition, the patient was given 1.5 cc. of Coramine intramuscularly twice 
weekly. May 8 steady improvement reported, but no electrocardiographic 
changes of note had occurred. Today she complained of palpitation. Elee- 
trocardiogram showed no change from the control taken April 15, except 
P-R interval was 0.18 second and the amplitude of the main ventricular 
curves was slightly increased. May 18, blood pressure 110/80. Electro- 
cardiogram showed sinus rhythm; P-R interval, 0.18 second; QRS, 0.06 
second; slight decrease in the voltage in Lead 3. 


Comment. Observation of this case covered a period of 33 days, 
during which time a total of 140 cc. of Coramine was administered 
by mouth and hypodermatically. The patient showed no untoward 
physiologic or toxic effects. Clinically, the patient showed a greater 
degree of efficiency in performing her duties and an absence of 
breathlessness. The earliest graphic changes demonstrable were 
increases in the voltage of all the main ventricular complexes, which 
effect seemed to be consistently sustained. 


Cask 8.-A seamstress, aged 60, weight 100 pounds. Right breast had 
been amputated because of carcinoma, but metastasis had occurred and 
patient was admitted to the hospital suffering from generalized carcinoma- 
tosis. On April 17 she became delirious and developed signs of pulmonary 
edema. When seen, her pulse varied from 150 to 200 to the minute and 
was thready in character. Heart sounds feeble and fetal in character. 
Patient seemed in extremis. A liter of 5° glucose in physiologic saline 
was given by rectum. At 4 P.M. patient’s condition seemed extremely crit- 
ical and death was expected momentarily. An electrocardiogram taken at 
this time showed extreme tachycardia, and the complexes associated with 
exaggerated heart hurry. Coramine, 3 ec., injected intramuscularly and, 
at 5.30 p.m., an additional 5 cc. injected. At 10 p.m. pulse rate was steady 
at 150 to the minute and of definitely better quality. Respiration was less 
labored and stertorous. 

April 18, 10 a.m., patient was given 5 ec. Coramine intramuscularly. 
She was now fully conscious and rational; pulse, 140 to the minute, of good 
quality. April 22 a total of 39 ce. of Coramine had been injected and the 
patient had a most dramatic improvement. At noon on this day, however, 
she suddenly developed a high temperature and signs of hypostatie pneu- 
monia, and, despite all therapeutic measures, succumbed during the evening. 


Comment. ‘This case was selected to show the effect of Coramine 
on the dying heart in a case of terminal carcinomatosis. So far as 
is known, no previous history or findings of organic cardiac alter- 
ations existed. When the control electrocardiogram was taken, the 
patient was almost moribund. Serial tracings were taken at intervals 
from the onset of Coramine administration, and, if these are fol- 
lowed, it can be seen how the early sinus tachycardia with a rate 
of 160 and showing the bizarre complexes associated with an extreme 
heart hurry, changed to a more normal appearance with the indi- 
vidual waves assuming a more distinct form and shape, and slowing 
of the rate to 130. Clinically, the patient began to improve within 
a few hours after the initial dose, coming out of coma, asking for 
nourishment and being able to sit up. Pulmonary edema was con- 
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siderably relieved, the respiratory rate lowered and not labored. 
The patient continued to hold her own for 5 days. On the sixth 
day she developed a high temperature, severe cough with hypostatic 
congestion and died within 12 hours with a picture of pneumonia. 


Case 9.--A male laborer, aged 39, with history of old luetic infection 
and a 44+ Wassermann test. Five months ago, began to experience sub- 
sternal pain, breathlessness, and a feeling of abdominal distention. Physical 
examination revealed a small, fairly well-nourished individual with marked 
pulsation of cervical vessels. Tracheal tug and water-hammer pulse pres- 
ent. Loud murmurs heard over entire chest, with a rumbling, diastolic 
one in second right interspace. Heart was enormously enlarged; transversely 
occupying three-fifths of the thoracic cage. On fluoroscopy, violent pulsa- 
tions, characteristic of regurgitation, were seen in aortic arch. 

April 22 control electrocardiogram showed sinus rhythm, rate 85; left 
axis deviation; P-R interval, 0.16 second; Q RS, 0.06 second; ST’, 0.24 
second; 7’ waves negative in all leads; muscle damage. Coramine, 30 min- 
ims morning and evening, commenced. April 27 patient reported that he 
was feeling better. By intravenous injection, 5.5 cc. of Coramine was 
administered. Immediately after completion of the injection he became 
deathly pale and broke out in profuse sweat. Radles were audible in the 
pulmonary bases, suggesting edema of the lungs. Pulse slowed to between 
30 and 40 to the minute and became irregular; the heart sounds were only 
faintly audible. The patient was placed in the recumbent position and a 
tablespoonful of rum given by mouth. Within 5 minutes his color improved 
and pulse had returned to its original rate, the patient complaining only 
of “‘light-headedness.”’ An electrocardiogram taken 10 minutes later slowed 
sinus rhythm; left axis deviation; rate, 80; P-R interval, 0.16 second; 
Q RS, 0.06 second; S—T, 0.26 second; T waves unchanged from control, also 
no essential change from control. 

May 8 patient reported that he could walk better without discomfort. 
Dyspnea was now very slight. June 1 patient commenced light work. 
His condition seemed vastly improved. Electrocardiogram showed no 
material change, the main ventricular complexes being of exceedingly high 
voltage. June 12 a total of over 9 ounces of Coramine having been given 
orally and intramuscularly over a period of 53 days, the patient states that 
his ability to work is much greater. 


Comment. Clinically, this patient appeared to be improved by 
the above therapy; from a state of inefficiency he continued to 
improve gradually until he was able to assume light work. At no 
time did he show, after May 27, 1936, any physiologic or untoward 
toxic manifestation. Graphically, the earliest change noted was 
an increase in the voltage of all the main ventricular complexes 
which was sustained. 

Case 10.—A male WPA worker, aged 58, complained of edema of ankles 
since early in 1935, and dyspnea on exertion since the first of 1936. April 22, 
1936, patient’s heart was found considerably enlarged to the right, and 
systolic murmurs were present at apex and over aortic area. Control 
electrocardiogram showed no axis deviation; P-R interval, 0.2 second; 
QRS, 0.08 second; S-T, 0.28 second; low voltages in Lead 1 with an 
aberrant main ventricular complex. 72 and 73 negative. Coramine, 5 ce., 
given intramuscularly, and 30 minims twice daily ordered. May 11 patient 
had been reporting at frequent intervals and an apparent improvement, 
without alteration in the electrocardiograms, had been observed. Today, 
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however, although he had no complaint, the first break in rhythm was 
noted, a run of quintageming occurring, suggesting the development of a 
new pace-maker in the A-V node, its influence vying with that of the sino- 
auricular node. May 20 electrocardiogram showed sinus rhythm, with an 
occasional run of premature beats. This appearance suggested a possible 
toxic action of the drug, but oral medication, 30 minims twice daily, con- 
tinued. May 25, patient showed definite evidence of failing compensation; 
dyspnea, cyanosis, legs edematous to knees, and edge of liver two fingers’ 
breadth below costal margin. Electrocardiogram showed sinus rhythm; 
a general lowering of voltage; flattening of 72 and inversion of 73. Cora- 
mine was discontinued. June 1 patient seemed worse; all signs of congestive 
failure had increased since last observation. June 3 patient’s condition 
remaining unimproved, he was given salyrgan, 2 cc. intramuscularly. 
June 8 profuse diuresis had taken place, with loss in weight of 43 pounds. 
Patient felt decidedly better; edema had almost disappeared ; color improved 
and respiration practically normal. 


Comment. This patient was observed over a period of 28 days, 
during which time he received a total of 147.5 cc. of Coramine both 
by mouth and hypodermatically. No toxic manifestations were 
noted until the patient had taken the drug for 16 days and 84 ce. 
were administered. At this time the electrocardiogram showed a 
cessation of normal sinus rhythm for the first time. Following this, 
more or less frequent premature ventricular and auricular beats 
appeared until, on the 28th day, the patient showed a very definite 
bigeminal rhythm and increasing signs of failure. He appeared so 
ill that all medication was discontinued and an attempt to restore 
compensation was made. Mercurials only were sufficient to restore 
broken compensation and bigeminal rhythm disappeared. It is, 
of course, impossible to say whether Coramine medication was in 
any way responsible for the failure in compensation or whether this 
occurred in spite of the Coramine. It is to be recalled that this 
patient showed marked heart muscle change and that he continued 
up and around while taking Coramine. 


Case 11.-—-A married female, aged 45, noted dyspnea on exertion 18 
months ago. Six months later she received digitalis with definite subjective 
relief. May 6, 1936, examination revealed blood pressure of 150/100 and 
absolutely irregular pulse. By fluoroscopy, a heart occupying three-fifths 
the transverse diameter of the chest was seen. The diagnosis was rheu- 
matic endocarditis with valvular disease and auricular fibrillation. The 
control electrocardiogram showed auricular fibrillation, with a ventricular 
rate of 150 to 160. Whole leaf digitalis tablets, 1} grains 3 times daily, 
and Coramine, 30 minims twice daily, were ordered. May 20 patient, 
who had been reporting twice or three times weekly, was remarkably 
improved. She stated that she had been able to do a fairly hard day’s 
work without discomfort. May 25 patient was in excellent spirits; blood 
pressure, 140/70; pulse rate, 58; ventricular rate, 63. The electrocardio- 
gram showed a depression of the S—7’ segments, characteristic of digitalis 
overdosage; consequently the latter drug was reduced to 1} grains daily. 
May 27 ventricular rate and pulse rate coincided; 52 to the minute. Digi- 
talis reduced to 14 grains every other day. June 15 ventricular rate 56, 
With no pulse deficit. A total of slightly over 5 ounces of Coramine were 
administered orally and intramuscularly over a period of 40 days. 
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Comment. This case of chronic rheumatic mitral disease with 
permanent auricular fibrillation in congestive failure was observed 
over a period of 40 days, receiving a total of 167 ec. of Coramine 
both by mouth and hypodermatically, showed no untoward physio- 
logic or toxic effects. Clinically, this patient was out of congestive 
failure in 48 hours and restored to a working efficiency basis in 
4 days, since which time she had withdrawn her digitalis for a few 
days while constantly taking Coramine in small doses. Coramine 
seemed to have kept this patient in a euphoric state, with a marked 
improvement in myocardial reserve. 

Discussion. — The effect of Coramine on the blood pressure of the 
patients in this series was not striking or constant, but there was 
a tendency toward elevation of both systolic and diastolic levels. 
In Case 1, with a preéxisting hypotension, there was a very definite 
increase in the pressure and, accompanying this, a marked improve- 
ment in the patient’s subjective sensations. We should not lose 
sight of the fact, however, that the absence of. blood pressure change 
does not eliminate the possibility of an effect on the circulation; 
vascular relaxation may accompany increased cardiac output, with 
the result that blood flow is increased without rise in systolic pres- 
sure, or, indeed, even with a decline in the pressure. Case 9 mani- 
fested, after intravenous injection of 5.5 ce. of the ampule, solution 
of Coramine, symptoms suggestive of a transient, rather alarming 
vascular relaxation. We were dealing here with an individual whose 
cardiovascular system had been severely damaged by luetic disease 
and in whom, consequently, the adjustive mechanisms functioned 
poorly. However, even in this case, recover occurred so promptly 
that the experience served to strengthen my belief in the low toxicity 
of Coramine, a belief seemingly justified by the entire absence of 
untoward symptoms in patients with normal hearts after very 
large amounts of Coramine; some of the foreign observers having 
injected in a single dose as much as 15 ce. of the ampule solution. 

In only 2 other cases did symptoms suggesting possible toxic 
action of Coramine occur. One of these, Case 6, was an elderly man 
with luetic disease of long duration and advanced degenerative 
changes in heart and blood vessels. During the period of obser- 
vation, he continued up and around, at first showing distinct 
improvement under Coramine medication. After 37 days, having 
received a total of 193 cc. of Coramine orally and intramuscularly, 
premature beats were detected and there was slight increase in the 
P-R interval. The findings might be interpreted as indicative of 
early toxic action of Coramine; however, continued administration 
of the drug was followed by a disappearance of the premature beats 
and improvement in general condition. Observation was discon- 
tinued after 54 days and a total dosage of 290 cc. of Coramine. 

In Case 10, also, there was evidence of advanced organic change 
in heart and arteries, harmonizing with the distressing symptoms 
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manifested prior to commencing Coramine administration. The 
electrocardiogram taken 27 days after institution of Coramine 
therapy suggested the possibility of a toxic action from the drug, 
and, 5 days later, the patient’s condition was definitely worse, with 
clear-cut congestive failure. That the undesirable results seen here 
were due to Coramine is by no means established. With a badly 
damaged heart, the patient continued up and around, and the 
physical exertion to which he was subjected may well have been 
the precipitating factor in bringing on his break. Certainly, no 
improvement occurred on discontinuance of Coramine until after 
diuresis had been effected by injection of Salyrgan. 

That Coramine acts directly on the heart is indicated by the 
increased voltages seen in the electrocardiogram after its adminis- 
tration. In Case 8, the dramatic recovery of a patient almost mori- 
bund is impressive evidence as to the efficacy of Coramine under 
certain conditions. Here, with large doses, there was continuing 
improvement until hypostatic pneumonia developed on the 6th day. 
As suggested by Frommel,’ Coramine may affect the heart through 
its extrinsic nerve supply. Stimulation of the sympathetic would 
not only cause increase in the force and frequency of the contrac- 
tions, but would also tend to bring about the coronary dilation 
which has been demonstrated to take place.® " As further indic- 
ative of the favorable influence of Coramine, the course of events 
in Case 11 may be briefly recalled. This patient, with auricular 
fibrillation, a ventricular rate of 150, and congestive failure, showed 
rapid improvement after receiving a total of 9 grains of powdered 
digitalis leaf and 12 cc. of Coramine orally during 48 hours. In 
spite of the fact that she remained active, at times doing rather 
strenuous housework, she continued to improve and, at the end of 
10 days, showed no pulse deficit nor other indications of cardiac 
incompetence. The digitalis was given in doses of 1} grains t. i. d. 
for 7 days and then reduced to 1} daily, and, finally to ? grain daily. 
The total dosage for Coramine during the 40-day period was 167 cc., 
partly by mouth and partly by intramuscular injection. This 
apparent synergism between Coramine and digitalis is in harmony 
with the experimental results reported by Fahrenkamp and Nocke,* 
which establish the fact that administration of Coramine sensitizes 
the heart to the subsequent action of digitalis, so that effects from 
the latter drug are obtainable from concentrations which, alone, 
would have been ineffective. 

Conclusions. ‘The effects of Coramine were observed in a series 
of 10 ambulatory and 1 bedridden patient following varying periods 
of administration in the different cases. Five of the patients showed 
no evidence of organic cardiovascular disease and were designated 
as controls; 5 showed distinct organic changes in the heart; and 
| suffered from acute circulatory collapse associated with toxemia 
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from generalized carcinomatosis. From the experience gained in 
these patients, the following conclusions seem justifiable. 

1. The margin of safety for Coramine is wide, as regards either 
the single dose or use over prolonged periods of time. 

2. Electrocardiographically, the drug causes an increase in voltage 
for all the main ventricular complexes; an increase that is generally 
well sustained. There occur, at times, lesser and more variable 
changes in other components, such as the 7’ wave and P-R interval. 
A few observations suggest that the A-V conductivity may be 
slightly depressed in patients with badly damaged myocardia. 

3. Subjective and objective changes pointed to increased myo- 
cardial efficiency after sufficient dosage with Coramine. This 
improvement may be due to (a) an action on the extrinsic cardiac 
nerves; or (b) to a direct action on the heart muscle; or (¢) to an 
increase in coronary flow. 
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In 1796, an instrument called a “ mercurial air holder and breath- 
ing machine’ was devised by Clayfield” by means of which the 
breathing capacity could be measured. Fifty years later, Hutchin- 
sont improved upon Clayfield’s machine, and studied the breathing 
capacity of many individuals. He called his new instrument the 
“spirometer,” changed the term breathing capacity to “vital 
capacity,” which he defined as “the amount of air which can be 
exhaled after the deepest possible inspiration,’ and devised stand- 
ards for predicting from the height of the subject what his vital 
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capacity should be. Since a diminution of the vital capacity was 
known to occur as a result of certain diseases of the heart, lungs and 
adjoining structures, it was hoped that by means of the spirometer 
these diseases might quickly and accurately be detected. Unfortu- 
nately, this hope was not realized and the spirometer did not find 
its way into the office of the general practitioner. This is not to 
be wondered at if we consider the analogy between vital capacity 
and weight. How many practitioners’ offices would be equipped 
with scales if the only use made of the weight was to compare it to 
a table to see whether the patient's weight was above or below the 
average for his height and age? From a diagnostic standpoint an 
actually observed loss of 10 pounds would be regarded by any prac- 
titioner of experience, as more important than the fact that an 
individual was 20 pounds below the average for his height. The 
same is true of the vital capacity as has been shown by one of us 
(J. A.).* 

In taking the vital capacity of the same student in each successive 
year as part of our annual physical examination, we have been 
struck by the fact that while in many cases little or no variation 
oceurs in the successive vital capacity determinations, in others we 
see considerable variation. Obviously a fall in the vital capacity 
would mean less in a student whose vital capacity was known to be 
variable, than in one who had maintained the same reading for 
several successive years, or whose vital capacity readings showed a 
steady gain. The present paper aims to present a study of the 
frequency and size of these fluctuations in order that the limitations 
or dependability of the test may be better understood. 

Method. The study is based upon yearly vital capacity readings in 100 
males and 100 females of college age. The same spirometers were used 
throughout, being tested from time to time for accuracy. At least 3, and 
frequently more, readings were made in each case by assistants trained and 
supervised by one of us (J.H.A.). Students in whom there existed any 
suspicion of disease which might affect the vital capacity were omitted from 
consideration. 

Using the regression formula Y = a + b (x — x) (3) the best straight line 
was calculated for all of the vital capacity determinations of each student 
during his or her 3 or 4 years in college, and the standard deviation of the 
observed readings from this line was calculated in each case. The results 
are graphically shown (Chart 1). 


Results. It will be seen that 19 of the men and 32 of the women 
exhibited standard deviations of less than 20 cc. from the best 
straight line. This group of 19 men and 32 women could be further 
subdivided into 10 men and 14 women who exhibited no vital 
capacity change whatever, 4 men and 4 women who exhibited a 
uniform gain, and 5 men and 14 women with small irregular varia- 
tions. 

Apparently the cases tend to follow a normal distribution, there 
being no definite tendency toward the separation of a group of 
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extremely variable individuals from the main group. It would, 
moreover, be impossible to draw an arbitrary line and say “ beyond 
this line the variability is so great that the test is of no diagnostic 
value for any disease.” On the other hand, it would be possible, 
if we knew the variations to be expected in any particular disease 
to say “for this disease the test might be helpful in students whose 
variations did not exceed such and such a figure.” By way of 
illustration, in pneumonia the fall in vital capacity usually amounts 
to from 1000 ce. to 3000 ce2 The greatest standard deviation 
exhibited by any student in the present study was 235 cc. The 
vital capacity might therefore be used with propriety in any of 
these 200 students as an aid in the diagnosis of pneumonia.* On 


Cuart 1.—Virau Capacity Deviations From YEAR TO YEAR. 


Number of Men or Women 


10 30 50 30 110 150 170 190 210+ 


Cc. Vildi Ve 


Deviations are expressed in terms of the standard deviation from the “‘best straight 
line’’ which could be drawn through the points representing all of the vital capacity 
determinations of 100 male and 100 female students during their 3 or 4 years in col- 
lege. 


the other hand, in the early stages of pulmonary tuberculosis, where 
physical signs may still be indefinite and the vital capacity loss 
as low as 250 cc.,> the test would be helpful only in those students 
whose vital capacities were known to vary but little; here it would 
be proper to exclude from consideration any whose standard devia- 
tion from the best straight line exceeded 83 cc.: this would mean 
the exclusion of 32 of the men and 12 of the women of the present 
study. 

For a number of years we have used the vital capacity as an aid 
in the diagnosis of diseases of the thoracic organs, particularly where 


* Unless the vital capacity loss exceeds 3 times the standard deviation, it is not 
regarded in this study as significant. 
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pulmonary disease was suspected. With a better understanding of 
what may be expected from the test there has come an increased 
reliance upon its dependability. While, for practical purposes, we 
have not found it necessary to make the actual calculations required 
to determine in each case whether an observed deviation exceeds 
3 times the standard deviation from an individual’s best straight 
line, yet we have learned that the principle involved is essential. 
When, for example, disease is suspected, and the vital capacity is 
found to be lower than on previous occasions, we have learned to 
scan the previous vital-capacity determinations in the patient’s 
record to see whether variations comparable in magnitude have 
occurred in the past. If so, little or no weight is attached to the 
finding, even though the figure may be well below the individual's 
average. If, on the other hand, a similar vital capacity fall is 
observed in an individual whose determinations have remained 
comparatively constant, it is taken seriously. Used in this way, 
it is believed that in university health services and in offices of 
physicians who have an opportunity to examine their patients at 
intervals, particularly if their patients come to them for an annual 
health examination, the test will be found of value. It requires 
only a minute or two to carry out, is practically free from discomfort 
and danger, and, depending as it does upon the patient’s own 
effort, cobperation and codrdination, often throws a new and reveal- 
ing light upon his psychological makeup. 

Conclusions. |. In the case of 100 male and 100 female college 
students, the best straight line was calculated for all of the vital 
capacity determinations of each student during his or her 3 or 4 
years in college, and the standard deviation of the observed readings 
from this line was determined in each case. 

2. The diagnostic value of any given vital capacity will depend 
chiefly upon: (a) Whether the vital capacity loss is great in com- 
parison with previously observed variations; and (6) whether the 
magnitude of the vital capacity loss is commensurate with what is 
expected in the particular disease under consideration. 

3. The vital capacity may be a valuable diagnostic procedure in 
university health services and in the hands of practitioners who 
have the opportunity of examining patients at intervals, especially 
where annual health examinations are made. 
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THE CLINICAL USE OF DESOXYCHOLATE AND DESOXYCHO- 
LATE-CITRATE AGARS—NEW CULTURE MEDIA—FOR 
THE ISOLATION OF INTESTINAL PATHOGENS. 


By Moses Pautson, M.D., 
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(From the Departments of Medicine, Gastro-Intestinal Clinic (Dr. T. R. Brown, 
Chief), and Pathology and Bacteriology.) 


DIFFICULTIES in the isolation of pathogenic intestinal bacteria 
appear to be due in part to the shortcomings of widely used culture 
methods such as those of Endo, of MacConkey, and the eosin- 
methylene-blue medium. Other difficulties have been discussed 
elsewhere.” 

Recently, Leifson' suggested the use of new culture media, based 
on the selective action of sodium desoxycholate, designated as 
desoxycholate agar and desoxycholate-citrate agar* which appear 
to offer greater selectivity, thus promising greater possibilities and 
facility in the isolation of pathogenic bacilli living in the intestine. 
Through association with Dr. Leifson, these media have been avail- 
able to me for more than 2 years during which time I have used 
them both in research and in the routine clinical study of bowel dis- 
turbances. In the beginning eosin-methylene-blue and Endo’s 
media were employed simultaneously with desoxycholate and 
desoxycholate-citrate agars. Later, because of the superiority of 
the new media, the others were not used. 

Method. I have used plates of desoxycholate agar and desoxycholate- 
citrate agar concomitantly as follows: Material is secured directly from the 
bowel by means of a rectosigmoidoscope. When this is not possible, only 
fresh dejecta is empioyed. Both plates of desoxycholate and desoxycholate- 
citrate agars are streaked immediately after instrumentation or defecation. 
One-half of the desoxycholate agar plate is streaked with undiluted material. 
The other half is streaked with a loopful of material diluted in bouillon, since 
not infrequently the undilated inoculum results in overgrowth. The 
desoxycholate-citrate agar plate is streaked with undiluted material usually 
without resulting overgrowth because, as will be noted further, the colon 
bacilli are considerably inhibited. The plates immediately thereafter are 
incubated aérobically at 37° C. for 20 to 24 hours, when they are studied. 


Both desoxycholate and desoxycholate-citrate agars at a pII of 
7.4 inhibit all Gram-positive bacteria. This is important for two 


* The composition of the media is as follows: Desoxycholate agar: water, 
1000 cc.; peptone, 10 gm.; agar, 12 to 17 gm.; sodium chloride, 5 gm.; lactose, 10 gm.; 
ferric ammonium citrate, 2 gm.; dipotassium phosphate, 2 gm.; sodium desoxy- 
cholate, 1 gm.; neutral red, 0.033 gm.; pH 7.3 or 7.5. Deoxycholate-citrate agar: 
pork infusion, 1000 cc.; peptone, 10 gm.; agar, 20 gm.; lactose, 10 gm.; sodium 
citrate (2NasCs6Hs07.11H2O), 25 gm.; sodium desoxycholate, 5 gm.; lead chloride 
(optional), 3.5 gm. (1 to 300,000); ferric ammonium citrate (green scales), 2 gm.; 
neutral red, 20 mg. (1 to 50,000); pH 7.4. For further essential details the original 
paper must be consulted. Dried preparations of the media are available at the 
Baltimore Biological Laboratory, Baltimore, Md. 
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reasons: first, it enables the use of a larger inoculum which is de- 
sirable because intestinal pathogens are rarely present in abundance; 
second, it eliminates streptococci and enterococci, the colonies of 
which often resemble those of the pathogenic bacteria on other 
types of media. Desoxycholate and desoxycholate-citrate agars 
offer striking contrasts in the appearance of the colonies of the 
various types of bacteria. The deep red color of the colonies of 
colon bacilli does not diffuse into the medium or fade out upon 
incubation for 24 hours. Proteus, the presence of which frequently 
makes difficult the isolation of other bacteria because of its spreading 
characteristics, appears as a discrete, non-spreading colony when the 
surface of the medium is dry. 

Desoxycholate-citrate agar is striking in that it possesses some 
advantages not offered by any other medium in the isolation of 
certain intestinal pathogens. Not only does it eliminate all Gram- 
positive intestinal bacteria, but it inhibits markedly the common 
colon bacilli, alkaligenes, Duval-Sonne, and the Shiga types of 
dysentery bacilli. In consequence, the problem of losing those 
capable of growing on this medium (dysentery Flexner, typhoid, 
paratyphoid A and B, many other parathyphoid, suipestifer, and 
pyocyaneus) through dilution is obviated, since the undiluted 
material generally can be streaked without encountering over- 
growth from non-pathogens. Vibrio cholere and Proteus grow 
poorly (Fig. 1). Typhoid and Paratyphoid A bacilli present dis- 
crete, colorless, translucent colonies, while the colonies of other 
intestinal pathogens are colorless and opaque. Pyocyaneus colonies 
ure identified by their grayish-green appearance. Proteus colonies 
are either colorless or have a brownish center. 

On desoxycholate agar, practically all types of pathogenic and 
non-pathogenic Gram-negative bacilli capable of living in the in- 
testine of man grow well with little or no inhibition, as compared 
with other types of media. As noted, Gram-positive organisms are 
completely inhibited (Fig. 1). Escherichia (B. coli group) appear as 
red colonies. Aérobacter colonies (B. lactis aérogenes group) are 
pink, or present red centers with a colorless periphery and are 
mucoid. The colonies of the non-lactose-fermenters are colorless. 
lt is to be emphasized that these distinctions are indicative but not 
pathognomonic. The few available stock strains of B. shiga 
dysentery seemed to grow better on this medium than on Endo’s 
and eosin-methylene-blue media. The limitations of desoxycholate 
agar are as follows: Here, like most other types of media, dilution of 
material is usually essential. This may result in the loss of patho- 
genic organisms which are rarely present in large numbers. How- 
ever, this difficulty is modified by the ability to use a larger inoculum 
because of the inhibition of Gram-positive bacteria and by the 
concurrent use of desoxycholate-citrate agar, on which pathogens 


| 
| 
| 


cal 
3 
4 
r 
+ 
| 
; | 
4 
rf 
= 
= 
i. 
a 


pes i Gesox\ choimte-citrate ayars 
Her ITMAINZ (rast mn tie appearance i the colonies of the 
iit fuse tite I sale ut upol 
ir Toteus, the presence of which Trequent 
nakes dificuit the isxnatios other Dacteria Decause of its spread ny 
Naractenmstics, 4> 4 UIN Tete, coin when the 
race r 
iate~ frat gar is in that If possesses sole 
“uivantages met ferent ther medium in the isolation vol 
; ertain intestinai pathogen: Not oniv does it eliminate all Gram 
DOSITIVe Intestinal acteTia ut it inhibits marked] the common 
enter In the probdiem of those 
} Zrwing mn ivsentery Flexner, t 
“ratvpnowW 3A and ©. Man ther parathy uipestifer, and 
dilution DViated anee the undiluted 
natenal ZzenerTail an be streaked without encountenmg over 
£4 growth from non-pathogen ibmo cholere and Proteus grow 


oor! big Lvpnow and Paratvphod A bacilli present di: 


rete Orie. Ta ent olomes, while the colonies of other 
tinal pathogens are colorless and opaque. Pyocvaneus colome 
ire identified! Dv their gravish-green appearance. Proteus coloniwe 
coloriess or lave a brownish center 

desex agar, practically ail t pes Of pathogen and 
-pathogenic (sram-negative bacalli ‘apable of living in the 
tine of Man gro well with little or no inhibition, as compared 
ther oted, (sram-positive organims are 
npletely inhibited (Fig Kachenchia (B. coli group) appear a 
colome Lerobacter colomes (B. lactis aerogenes group) are 
: K, OF present rei centers with a colorless periphery and are 

The le the non-lactose-fermenters are colorle 
: to be emiphasizet that these distinctions are indicative but not 
thognomonic The few available stock strains of B. shige 


entery seemerdl to grow better on this medium than on Kindo 


| meria Che limitations of desoxycholate 


bs ‘ar are as follows: Here, like most other types of media, dilution of 


’ terial is usually essential. This may result in the loss of patho- 
an ne organisins whieh are rarely preserit in large numbers How 
er, this diffiersit modified by the ability to use a larger moculum 


of the mmbutetion of Gram-positive bacteria and by the 


rent use of desoxycholate-rtrate agar, on which pathogens 


690 BAKST, JEGHERS: 


referred to grow readily, Gram-positive organisms not at all, and 
other Gram-negative bacilli to a markedly limited degree. 

The above findings are based, first, on the observation of growth 
on these two media, particularly of intestinal pathogens secured 
from stock cultures, from strains isolated from active cases, and from 
some of the subcultures kindly forwarded by both Drs. T. 'T. Mackie 
and Joseph Felsen of New York City. These media have been 
used for more than 2 years in 130 consecutive cases of bowel prob- 
lems, mainly subacute and chronic, the etiology of which had been 
undetermined at the time of this examination. 

Summary and Conclusions. New culture media designated as 
desoxycholate and desoxycholate-citrate agars have been applied 
in clinical research and in the routine clinical investigation of bowel 
disturbances. Both media used simultaneously inhibit to a degree 
not encountered in other culture methods all Gram-positive intestinal 
bacteria. Desoxycholate-citrate agar inhibits practically all of the 
common intestinal non-pathogens, growing only dysentery Flexner, 
typhoid, paratyphoid A and B, as well as other paratyphoid, 
Pyocyaneus and Proteus bacilli. Proteus grows as a non-spreading 
colony. Desoxycholate agar offsets, in a measure, the limitations 
of the above by growing all Gram-negative but no Gram-positive 
organisms. Thus, the concomitant use of both media, one comple- 
menting the other, each in part overcoming the limitatioys of the 
other, is regarded as a distinct advance in the routine clinical study 
of bowel disturbances from a bacteriologic standpoint. 
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Tue medical literature of the past 75 years is replete with reports 
of portal pyemia. Many large clinics have studied this condition par- 
ticularly from the point of view of its relation to appendicitis,**"+26 
and it is perhaps well to be aware of this association which, although 
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not common, occurs frequently enough to demand clinical recogni- 
tion. Despite the fact that the incidence of pylephlebitis following 
appendicitis is believed to be about one-half of 1°, disease of the 
appendix is unquestionably responsible for an overwhelmingly large 
proportion of the number of known cases. Eliason"™ reported 92.8% 
of a series of 14 cases, Noster and Kasman”™ found 3 of 4 cases, and 
Brown’ originally reported 42% of 46 cases as related to appendicitis. 

Nevertheless, one should also bear in mind that portal drainage 
is not limited to the appendiceal area. Instances of portal pyemia 
have been reported as resulting from suppuration in practically all 
of the organs and areas drained by the radicles of the portal vein. 
It has occurred with disease of the duodenum 
small intestine,®?? rectum,®7"'® pancreas, spleen 
gall and mesenteric glands,®""'’ Certainly the 
fact that pylephlebitis may result from so many sources is no 
more than one would expect, since the term itself is taken to imply 
an inflammatory or infectious lesion involving the portal vein which 
may arise in any organ drained by the portal svstem. Except for 
the very rare instances which we shall mention later, all of the re- 
ported cases of portal suppuration fulfill the requirements of this 
accepted and limiting definition. 

Clinical Picture. The diagnosis of pylephlebitis will be made 
with ease if one keeps in mind the fact that this condition is prac- 
tically never primary or spontaneous, but always follows some in- 
fective process in an organ or area drained by the portal system, 
including all of its radicles and anastomoses. The signs and symp- 
toms of pylephlebitis, therefore, must be superimposed upon, and 
modified in any individual case by the nature of the disease which 
originally resulted in portal sepsis. The triad of (1) evidence of the 
primary cause (2) followed by the picture of sepsis (especially 
chills and sweats) and (3) evidence of involvement of the liver 
should make one consider this diagnosis.?" 

The onset is commonly sudden, often being ushered in by shaking 
chills with or without abdominal pain. Occasionally vomiting or 
distention may initiate the disease. The chills are more severe 
at the onset, followed by fever and sweats, and tend to disappear as 
the patient fails. Within a matter of days evidence of involvement 
of the liver, suchas pain, jaundice, or right upper quadrant tenderness 
appears. 

The patient presenting the picture of “ abdominal facies,”’ looks very 
ill and distressed. Fever is usually high with a rapid pulse and 
quickened respirations. In the majority of cases the liver is slightly 
or greatly enlarged, firm, smooth, and tender to palpation. When 
the liver is of normal size, there is often tenderness on deep palpa- 
tion in the right upper quadrant. Occasionally, a friction rub over 
the liver may be heard. Half the cases show jaundice to a varying 
degree. Enlargement of the spleen has been noted in about 20% of 
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the instances. Abdominal tympanites is often present, and may 
interfere with proper examination of the abdomen. Ascites, hema- 
temesis or other evidence of portal obstruction occur when a throm- 
bosis is superimposed upon the suppurative lesion present in the 
portal vein. Diarrhea or vomiting may occasionally be trouble- 
some. 

A valuable clue to involvement of the liver may at times be found 
in evidence of infection of the right pleura, diaphragm, or right 
lower lung. This infection probably results because the lymphatic 
drainage from the peritoneal cavity through the right diaphragm 
is much more abundant than that through the left diaphragm.” 
Infection in the right lower lung and pleura commonly follows gross 
sepsis of the liver or subphrenic space which had been present for a 
week or longer.2? Hence hiccoughs, a friction rub heard over the 
right pleura, pain referred to the right shoulder, limitation of move- 
ment of the right diaphragm* on fluoroscopy, or evidence of infection 
in the lower lobe of the right lung can be taken as supportive evi- 
dence of the fact that the liver is involved. Rarely this evidence may 
be present on the left side.’ The enlarging liver may also elevate 
the diaphragm, cause" collapse of the lower lobe of the right lung, 
and produce signs of atelectasis. 

The patient becomes weaker, loses weight, and often lapses into a 
coma before death. The disease may terminate in a few. days or 
may rarely continue for a month or two. Leukocytosis is common. 
Prolonged cases show a progressive anemia. Blood cultures almost 
invariably remain sterile unless the hepatic veins become infected. 
There are no characteristic urinary changes. The prognosis is poor 
in most instances. 

It is important that this disease be differentiated from multiple 
or single abscesses of the liver and subphrenic abscess, which condi- 
tions may occasionally be amenable to surgical treatment. Edema 
of the chest wall or over the right upper quadrant, definite fluctua- 
tion over the liver area, or palpable irregularities on the liver sur- 
face favors the diagnosis of hepatic suppuration.2?. Evidence of gas 
under the diaphragm favors the diagnosis of subphrenic abscess. 

Anatomy of the Collateral Circulation. — It is of significance to recall 
the existence of points of communications between the portal and 
systemic circulations, and to realize that these anastomoses may 
serve as pathways from which portal sepsis may result, despite the 
fact that the lesion may be situated in an organ drained primarily 
by the systemic circulation. This concept will perhaps be more 
generally recognized if one considers the venous channels through 
which a compensatory circulation may be established in instances of 
portal obstruction. For the sake of clarity it may be of some value 
to review these anatomical relationships. 

In the event of the portal obstruction (¢. e., portal cirrhosis of 
the liver) collateral circulation may be established through the fol- 
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lowing channels:*'74 (1) The veins of the esophagus open into the 
azygos vein and also communicate, at the gastric orifice, with the 
gastric veins and thus with the portal circulation. (2) Very rarely 
the ductus venosus remains patent, thus affording a direct com- 
munication between the portal vein and the inferior vena cava. 
(3) The veins which originate in the intestinal walls provide a sub- 
peritoneal plexus of anastomoses between the branches of the portal 
vein and the inferior vena cava (System of Retzius). (4) The 
origins of the superior hemorrhoidal vein, a branch of the inferior 
mesenteric, anastomose with the inferior hemorrhoidal which opens 
into the hypogastries. (5) The communications between the retro- 
peritoneal veins opening into the lumbar and azygos veins, and the 
veins of the peritoneum occur especially where, as in the case of the 
duodenum, pancreas, and colon, areas drained by the portal vein 
are bound to the abdominal parietes. The veins of the left kidney 
anastomose to some extent with the veins of the descending colon, 
and venous trunks may put the renal vein itself in communication 
with the left colic vein. The veins of the descending colon may 
communicate with the spermatic plexus... A communicating branch 
of the left renal vein has been seen and reported.*'! Virchow ob- 
served a similar anastomosis between the splenic and azygos veins.” 
(6) The branches of the accessory system of Sappey pass in the round 
and falciform ligaments (particularly the latter) to unite with the 
epigastric and internal mammary veins, and, though the diaphrag- 
matic, with the azygos. The paraumbilical vein may pass from the 
hilus of the liver by way of the round ligament to the umbilicus. 

Extraportal Foci.—It would seem obvious that these anastomoses 
which are capable of establishing a compensatory circulation in 
instances of portal obstruction are also potential pathways for the 
development of portal pyemia from points drained by the systemic 
circulation. 

Several instances of pylephlebitis have been reported which have 
been dependent upon portal-systemic anastomosis for their produc- 
tion. Frerichs'® and von Schuppel® have each reported a case of 
portal pyemia following ligature of the umbilical vein. More 
recently White*®* recounted another instance following umbilical 
infection in an infant 16 days old. Cantlie* mentions that this con- 
dition is common in China. Other instances are also recorded in the 

Almost without exception these reports deal with the occurrence 
of umbilical infection in the newborn. It seems likely that in these 
circumstances sepsis of the portal system occurred by way of the 
umbilical vein. Although lesions of this type are most uncommon 
in this day of aseptic care, the case reported by White indicates that 
it may still be seen occasionally. One would hardly expect this to 
occur once obliteration of the umbilical vein had taken place, but 
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it should be remembered that even then the paraumbilical veins 
still provide a connection with the portal system. 

Edwards" reported an unusual case of suppurative pylephlebitis 
associated with a carcinoma of the esophagus. Since the esophageal 
lesion was situated 3 inches above the cardiac orifice, it seems clear 
that the secondary suppuration which occurred could not have in- 
volved the portal vein directly. Infection of the portal system must 
have been dependent upon the anastomosis between the veins of the 
lower esophagus and the veins of the stomach. 

At least 3 cases of portal pyemia following sepsis of the female 
genital tract have been recorded. DeSilva’s case” resulted from 
suppuration of an ovarian cyst and pyosalpinx. Bryant’ reported 2 
vases, | following a septic abortion, and another associated with a 
pyosalpinx. The possible connection between the spermatic plexus 
and the veins of the descending colon has already been noted. In 
the female a similar communication may exist between the uterine 
plexus and the veins of the descending colon. These 3 cases may be 
taken as examples of portal pyemia resulting from anastomoses of 
this type. 

Of particular interest to us is the free communication between the 
portal and systemic circulations existing in the hemorrhoidal plexus. 
We have recently had the opportunity to observe a patient with 
pylephlebitis directly attributable to a suppurative process in the 
testis and scrotum. We believe this to be the first reported instance 
of the development of portal pyemia from this focus. The case 
proved to be still more unusual in that death occurred in uremia; 
the patient thus exhibiting a liver-kidney syndrome. 

Case Report. <A 43-year-old stuporous white male was admitted to 
the hospital on February 5, 1934. A meager history was obtained from the 
family. It appeared that the patient had enjoyed only fair health, and for 
the past year had complained of a persistent cough which was worse in the 
morning and productive of purulent sputum. The patient believed this 
to have started as a “cold.” He had also lost 10 pounds in weight and had 
had frequent night sweats during the past year. A history of syphilis with 
subsequent outpatient treatment was obtained. An attack of painless 
jaundice of several weeks’ duration followed arsphenamine therapy 9 
months before his final admission to the hospital. This cleared completely 
and resulted in no symptoms other than jaundice. Further antiluetic 
treatment was discontinued. Gonorrhea was denied, as were other infections 
of the genitourinary tract. 

From this point on the patient had continued in his usual health until 
2 weeks before entry to the hospital. At this time he developed a severe, 
constant, non-radiating pain in his scrotum which became swollen, tender, 
and warm to touch. After 1 week he was admitted to a surgical service of this 
hospital where conservative local treatment was instituted. While on the 
surgical wards he developed repeated chills and fever, and after 4 days, 
became jaundiced and drowsy. Three days later he was transferred for 
medical treatment. 

Physical examination revealed a jaundiced, semicomatose well de- 
veloped, but poorly nourished white male hiccoughing continually. The 
skin was smooth, warm, and moist, and the lips were cyanotic. The pupils 
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reacted sluggishly to light, and the eyegrounds were normal in appearance. 
The nose, mouth, and pharynx were not remarkable, no evidence of bleeding 
was noted. The right upper chest was dull to percussion, with exaggerated 
breath sounds, and many moist rales; both lower chests posteriorly were 
dull to percussion with bronchovesicular breath sounds, and fine cracking 
rales of patchy distribution. The temperature was 101° F., the respirations 
24, and the pulse of 88 was of very poor volume. The blood pressure was 105 
mm. of Hg systolic and 70 diastolic. 

No evidence of cardiac lesions was noted. The heart was not enlarged, 
the sounds were regular and of fair quality, and the peripheral veins were 
not distended. Clubbing of the fingers and cyanosis were present. 

The abdomen was distended and tympanitic, and a firm, tender, smooth 
liver edge was palpable 6 cm. below the costal margin. A firm, non-tender 
splenic margin was made out 12 cm. below the costal margin. No signs of 
fluid were elicited nor was there any evidence of portal obstruction. 

The scrotal sac was swollen and fluctuant, with a large ulcerated area 
2 inches in diameter on the inferior posterior surface through which the 
testicles could be seen, and through which pus oozed continually. 

On entry to the hospital the patient showed a normal renal output. The 
urine had a specific gravity of 1.024, a strong trace of albumen, bile, no 
sugar or acetone, and a few hyaline casts in the sediment. The hemo- 
globin was 70%, the leukocyte count 5700 of which 89% were neutrophils. 
The blood non-protein nitrogen which was 120 mg.% on his admission to 
the medical service rose to 250 mg.% 24 hours later, and a progressive 
oliguria was noted. The free blood cholesterol was reported as 38 mg.% 
with no ester cholesterol. The icteric index was over 100, and the blood 
Kahn test was negative. 

The patient’s condition was obviously extremely poor, and despite sup- 
portive measures, he lapsed into a quiet coma, and died 24 hours after being 
transferred to the medical service. 

Autopsy Findings. Summary of postmortem examination (17 hours after 
death, Dr. J. P. Sheehan). 

Generalized jaundice. No edema. A large ulceration 5 em. by 3.5 cm. 
in diameter was seen through the wall of the scrotum, exposing the testes. 
The edges of the ulcerated area were blackish in appearance with a thick 
yellow-green exudate on the exposed surfaces. Moderate clubbing of the 
fingers was noted. 

Peritoneal Cavity: Appendix was negative. About 100 cc. of clear 
orange-vellow fluid was present in the pelvis. No free pus or adhesions 
were noted. The mesenteric nodes were not palpable. 

Pleural Cavity: Adhesions at both apices. No free fluid or pus. 

Pericardial Cavity: Normal. 

Heart: Weight 380 gm. Muscle, coronary arteries, and valves were 
within normal limits. 

Lungs: Left, 820 gm.; right, 1200 gm. A firm mass was palpable in the 
lower portion of the right upper lobe. Section through this mass revealed 
an area irregularly traversed by dense bands of white connective tissue 
with widely dilated bronchi and bronchioles. The terminal portions of 
these structures ended in cavity-like areas with thick dark green and dark 
red walls containing yellowish curdy material. No nodules were noted in the 
walls of the cavities or in the surrounding tissue. Some of the cavities were 
situated close to the pleura. The apical portion was free. Blood was ex- 
pressed from the upper lobes, and bloody frothy fluid from the lower lobes. 
The bronchial mucosa was intensely dark red, and a purulent-appearing 
exudate was noted in the bronchi. 

Spleen: Weight 1520 gm. Almost 5 times normal size. Moderately 
soft, with pinkish-gray and purplish-gray smooth surface. The cut surface 
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was dark red and reddish-purple. Much of the spleen was soft with an 
abundance of pasty dark red scrapings. The trabecule were obscured. 
The splenic vein was not thrombosed. 

Gastro-intestinal Tract: Normal in its entire length from esophagus to 
rectum. 

Liver: Weight 3180 gm. Surface irregular with shallow depressions. 
The color was dark reddish-gray with numerous green areas embracing 
smaller yellowish ones. Some small (2 mm.) yellowish areas were noted in 
the reddish-gray portions. The cut surface revealed that all the branches 
of the portal vein in the liver were outlined by a strip of dark green tissue 
5 to 11 mm. deep around the veins. Yellow areas (2 to 3 mm.), some soft 
were noted in the dark green areas, from which thick green fluid escaped. 
The rest of the liver tissue was light greenish-brown in appearance with 
darker brown central areas. Much purulent-appearing material was noted 
in the larger branches of the portal radicles. 

Gall Bladder and Bile Ducts: Normal. 

Pancreas: Normal. 

Kidneys: Combined weight 500 gm. Definitely enlarged and swollen. 
Capsule stripped with ease. Cortex was increased to 11 mm. in thickness. 
Kidneys were a pale gray-greenish color. No petechial hemorrhage. Pelvises 
and ureters were normal. 

Adrenals: Negative. 

Bladder and Prostate: Negative. 

Genital Organs: The left testicle and epididymus formed a large, very 
firm mass 8 by 6 by 6 em., in which the testicle and epididymus could not be 
identified. On section, this mass was seen to be irregularly traversed by 
bands of dense white connective tissye, in which 3 or 4 dark green and yel- 
low-gray lined cavities (about 1.5 cm.) were noted, especially at the lower 
portion. Yellow and white firm circular areas (1.0 by 1.5 by 1.0 emt.) were 
noted in the region once occupied by the epididymus. The tunica vaginalis 
was thickened. No nodules were made out throughout the mass. The 
cavities noted above were seen to communicate in part with the tunica 
vaginalis and the exterior through the scrotal wall. The right testicle was 
negative. 

Aorta: Yellow deposits of atheroma throughout aorta. No calcifica- 
tion or scarring. 

Cultures: Because of the delay in performing the autopsy, cultures of the 
liver and scrotum were unsatisfactory. 

Microscopic Examination. Microscopic examination of the tissues was 
essentially negative with the following exceptions: 

Lungs: These showed a picture consistent with bronchiectasis, bron- 
chitis, bronchopneumonia and edema. 

Spleen: Evidenced marked congestion. Clumps of lymphocytes and 
large mononuclears were noted between the Malpighian corpuscles. 
Fibrosis was seen in one corpuscle, and hyaline pigment in others. Numer- 
ous neutrophils, plasma cells, and large mononuclears were seen in the pulp. 

Liver: Showed large and small areas of necrosis with massive infiltration 
by neutrophils and a few large mononuclears. At the periphery of these 
masses of cellular infiltration, bile ducts and blood-vessels above remained. 
The intervening lobules were compressed with the cell cords running parallel 
rather radially. Marked engorgement of the central veins and sinusoids 
was present. In some areas the central veins stained eosinophilic with 
nuclei absent. In one area only the outline of the liver cells persisted with 
massive infiltration by neutrophils at their periphery. In some portal areas 
infiltration by lymphocytes and a few neutrophils was noted. 

Pancreas: Slight increase in connective tissue about the ducts and islets. 

Kidneys: Minor degrees of tubular swelling and degeneration were noted. 
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The glomeruli were normal throughout. Severe necrosis was absent. No 
hemorrhagic areas were seen. 

Testicle and Epididymus: They constituted a mass of fat and fibrous tissue 
with numerous blood-vessels and one nodule of gland tissue diffusely in- 
filtrated with lymphocytes, neutrophils and large mononuclears. A mat of 
fibrin with numerous neutrophils was seen at the edge of the section. Fibrin 
masses were present in the tissue. 

Anatomical Diagnosis. Pylephlebitis with miliary liver abscesses. 

Bronchopneumonia (lower lobes, both sides); bronchiectasis (right upper 
lobe); acute bronchitis; healed pleuritis; acute and chronic inflammation 
of left testicle and epididymus; bile nephrosis. 


Discussion.— One of the prominent features of this case is the 
presence of a suppurative lesion involving the epididymus, testis, 
and scrotum. The occurrence of a genital lesion of this type presents 
etiologic problems which remain more or less difficult to explain. 
Caulk," in 1927, reported 15 cases of abscess of the testicle which he 
had personally observed. He pointed out that lesions of this type 
may occur in about 5°% of the cases of epididymitis, and he also 
mentioned pyelonephritis, prostatic obstruction, cystitis, prostatitis, 
and seminal vesiculitis as additional causes. Barney! previously 
reported 3 cases of abscess of the testicle in none of which was there a 
demonstrable etiologic factor. It is his belief that it is very rare 
to have a suppurative testicular lesion without epididymal involve- 
ment. Although both of these authors recognize that an infection 
may be transmitted to the testicle by way of the blood stream or the 
lymphatics, a septic lesion of the genitourinary tract itself is looked 
upon as being the most likely source. Caulk," in fact, regards the 
spread of infection along natural channels (that is, vas and epididy- 
mus) as the most frequent cause of testicular suppuration. It be- 
comes necessary then for us to assume that the genital lesion in our 
case in all probability started in the epididymus. Although it is 
barely possible that this lesion may have been blood borne from the 
bronchiectatic process in the upper lobe of the right lung, it seems 
more plausible to assume that the original epididymal involvement 
was due to a pre-existing genitourinary lesion which we were unable 
to demonstrate. 

From this point on there follows a close relationship between the 
sequence of events clinically and the pathologic findings. 

It is our belief that the presence of pylephlebitis can be best 
explained on the basis of direct extension from the suppurative 
genital focus. Although it is conceivable that a septic lesion in an 
area drained primarily by the systemic circulation may produce 
sepsis elsewhere, it seems clear that when this does occur it would 
produce a bacteremia or generalized septicemia rather than a sup- 
purative lesion of the portal system. It also follows that pylephle- 
bitis itself cannot produce septicemia unless the lesion extends be- 
yond the hepatic veins. Our conclusion then that portal pyemia in 
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this instance was due to direct extension from the septic genital focus 
seems to be reasonably justifiable. 

We are finally confronted by the problem of explaining the 
mechanism of production of pylephlebitis on this basis. Careful 
attention to certain otherwise essentially unimportant anatomic 
features reveals that this may occur by one of two routes. We have 
mentioned the presence of a free communication between the portal 
and systemic circulation which exists at the hemorrhoidal plexus. 
It will also be recalled that the coverings of the testis and scrotum 
are drained in part by the internal pudendal vein which com- 
municates with the hemorrhoidal plexus by way of the inferior 
hemorrhoidal vein (see diagram). This communication seems to 
be a more likely route than the occasional connection which may 
exist between the veins of the descending colon and the spermatic 
plexus. 

Inferior mesenteric 


Superior hemorrhoidal 


Left common iliac . 


Middle socral 


Internal 
pudendal 


Inferior 
hemorrhoidol 


Fic. 1.—Anastomosis between the portal and systemic circulation at the hemor- 
rhoidal plexus. Modified from Poirier, P., and Charpy, A Traite d’' Anatomie 
Humaine, vol. 2, Masson et Cie, Paris, 1901, p. 4006. 


Thus we may view this case as probably the first reported instance 
of the occurrence of pylephlebitis due to an extraportal focus in the 
testis and epididymus. 

An additional point of interest is the resemblance of the terminal 
symptoms of this case to those of the liver-kidney syndrome as 
described by Helwig and Schutz." These authors pointed out that 
several days following either trauma or infection of the liver there 
may develop a syndrome characterized by jaundice, mucous mem- 
brane bleeding, prostration, oliguria with urinary albumen and casts, 
nitrogen retention in the blood, terminal anuria, coma, and death 
in uremia. At autopsy the kidneys, grossly and microscopically, 
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may show varying degrees of nephrosis. The kidneys in our patient 
showed evidence of nephrosis, while the laboratory findings and the 
clinical picture were quite typical. Helwig and Schutz” recently 
reported an instance of pylephlebitis secondary to a ruptured appen- 
dix which terminated in death by this syndrome. Except for 
the primary focus this case resembles very closely the one herein 
reported. We have found no other case of pylephlebitis in the litera- 
ture in which a similar termination was mentioned, nor have any of 
the reported cases shown the presence of azotemia. 

It will be recalled that our patient had had a previous illness which 
unquestionably resulted in liver drainage. Although the extent of 
this injury due to arsphenamine cannot be estimated, it is entirely 
within the realms of probability that the subsequent occurrence of 
additional liver damage was sufficient to produce a typical liver- 
kidney syndrome. 

Summary.-—A case of pylephlebitis is reported in which the infec- 
tion originated in a focus in the systemic circulation. The anatomy 
of the portal-systemic anastomoses is reviewed and its clinical sig- 
nificance discussed. The reported cases of pylephlebitis of extra- 
portal origin are reviewed. 
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PRIMARY TUBERCULOUS APPENDICITIS AND APPENDICITIS 
COMPLICATING PULMONARY TUBERCULOSIS. 


By E. T. Tuteme, M.D. 
(From the Department of Surgery, University of Michigan.) 


TUBERCULOUS appendic ‘itis is a relatively rare condition either 
in healthy people or in those with known pulmonary tuberculosis, 
while pyogenic appendicitis as a complication of pulmonary tuber- 
culosis is not uncommon. It is the purpose of this paper to present 
a study of: 1, so-called “primary” tuberculous appendicitis ayd 2, 
appendicitis complicating pulmonary tuberculosis. ‘To this end the 
vases of tuberculous appendicitis in patients without known pul- 
monary disease at the time of their operation and the cases of pul- 
monary tuberculosis complicated by appendicitis seen in the Uni- 
versity Hospital during the past decade have been followed. 

So-called “Primary” Tuberculous Appendicitis. [uring this period 
there were 7 cases of tuberculous appendicitis occurring in patients 
without the recognition of tuberculosis elsewhere at the time of the 
operation. 

This condition, although rare, has been well described in the 
literature. Its incidence has been given variously from 0.3 to 3°% 
of all appendicitis, depending upon the thoroughness with which 
the routine pathologic examination has been done. The pathologic 
picture is divided into 3 generally accepted types: 1, tuberculous 
peritonitis, 2, the more common ulcerative appendicitis, in which 
the mucosa and submucosa show a varying number of tubercles 
with ulcerations of varying depth and size, and 3, the hyperplastic 
type with diffuse thickening and marked connective tissue prolifera- 
tion without caseation. The route of infection has been considered 
as hematogenous, lymphatic, or by direct infection from contami- 
nated feces. 

Following the pathologic report of tuberculous appendicitis a 
further study revealed pulmonary tuberculosis in 2 of our 7 cases. 
These 2 cases are not, therefore, examples of primary tuberculous 
appendicitis. This low incidence of pulmonary tuberculosis has 
not been the general experience and may account for our more 
encouraging results in this group. 

That the clinical course of acute tuberculous appendicitis is not 
to be differentiated from pyogenic appendicitis is generally agreed; 
on the other hand chronic tuberculous appendicitis has been char- 
acterized by Drissen and Zollinger? as havi ing a longer than average 
duration without performation or peritonitis, and often accompan- 
ied by diarrhea. In 5 of the 7 cases the symptoms were of recurrent 
appendicitis, not to be distinguished in course or physical findings 
from the ordinary pyogenic infection. Of the remaining 2 cases, 
1 was acute and had nothing in the history or clinical findings to 
distinguish it from a pure pyogenic infection, except perhaps a 


| 


THIEME: TUBERCULOUS APPENDICITIS 701 


leukocytosis of 21,000 and a temperature of 101° F. with minimal 
physical signs; the other was a ruptured appendix with abscess form- 
ation. From our experience there was no criterion from which a pre- 
operative diagnosis of tuberculous appendicitis could be made. 
No evidence of local tuberculosis was recognized at the time of the 
operation and the pathologic report came as a distinct surprise. 

Postoperative, 5 of the 7 had entirely uneventful courses, 1 had 
a severe wound infection, and the patient with the ruptured appen- 
dix with abscess developed a fecal fistula which drained for 5 months. 
Inasmuch as no pulmonary disease was suspected in these 7 cases, 
nitrous oxide and oxygen anesthesia was used, alone in 2, and sup- 
plemented by ether in 5. 

Of the 7 patients 6 have been followed; of the 2 with pulmonary 
tuberculosis one is still under sanatorium care 5 years later, but 
making satisfactory progress. ‘The other, almost 4 years later, 
is married, has had a healthy child and reports herself in good con- 
dition. Neither have had abdominal symptoms such as are asso- 
ciated with intestinal tuberculosis. The other 4 are alive and well, 
7,3, 13, and 1 year respectively after operation. 

Since the original survey of the literature in 1910 by Muller,® 
the prognosis of so-called primary tuberculous appendicitis has 
been regarded as bad, and the more recent surveys of Koster and 
Kasman‘* have done little to improve this impression. However, 
judging from this small series of 7 patients, we cannot help but feel 
that the outlook must be considered as not entirely unfavorable. 

Appendicitis Complicating Pulmonary Tuberculosis. ‘This study 
includes 20 cases of pulmonary tuberculosis under treatment, upon 
whom an appendectomy was performed for appendicitis, acute or 
recurrent. 

Many autopsy statistics* have proved that from 60 to 90% of 
the patients dying from advanced pulmonary tuberculosis have 
intestinal tuberculosis. Most authors writing on clinical appendicitis 
complicating pulmonary tuberculosis regard the process as pyogenic 
and not to be differentiated from appendicitis in non-tuberculous 
patients. That a distinction should be made is shown by the fact 
that our poor results were in those cases of pulmonary disease, 
poorly controlled, and who had, as was to be expected, tuberculous 
appendicitis. 

Of the 20 cases studied, 13 were operated on for acute and 7 for 
recurrent appendicitis. Sletfens states that the symptoms of appen- 
dicitis in tuberculous patients are clear cut and that the indications 
for operation are the same as in non-tuberculous patients. From 
our experience, we are quite in accord with this view, as the clinical 
course and physical findings were those usually found in acute or 
recurrent appendicitis, the only exception to this being a uniformly 
elevated leukocyte count of 16,000 or more, regardless of the dura- 
tion of symptoms. 

* Pathological Report, Henry Phipps Institute Report, 1907-190. 
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The postoperative course was uneventful in 12 of the 20 cases, 
6 had wound infections, | developed pneumonia and thrombo- 
phlebitis, and there was | operative death. There were no fecal 
fistule in our series, which is unusual, since this complication was 
of frequent occurrence in other reported cases.2° The immediate 
postoperative pulmonary condition of all remained satisfactory 
despite the large variety of anesthesias used. Local or spinal is 
uniformly advocated and ether condemned, but the following anes- 
thesias were employed. 


Nitrous oxide and oxygen and ether 7 
Nitrous oxide and oxygen 4 
Nitrous oxide and oxygen and local 3 
Spinal 2 
Local l 
Spinal and nitrous oxide | 
Avertin and nitrous oxide l 
Avertin and nitrous oxide and ether l 

20 


Kinghorn,’ reporting his experience in sanatorium patients, found 
only 259% of appendicitis on a tuberculous basis. Our figures are 
much the same, 6 of the 20 or 3067 having tuberculous appendicitis, 
4 acute and 2 recurrent. As stated in the pathologic concept given, 
intestinal tuberculosis and appendicitis may be expected in atlvanced 
poorly controlled pulmonary disease. This is emphasized when we 
find that 4 of the 6 cases of tuberculous appendicitis were doing 
poorly, having positive sputum; and 5 of the 6 had histories of con- 
tinual abdominal discomfort, poor appetite and bouts of nausea. 
On the other hand, of the 14 with simple pyogenic appendicitis, 
all were doing well as far as their pulmonary condition was concerned 
only 3 having positive sputum. ‘Therefore, if the pulmonary con- 
dition is controlled the appendicitis is probably pyogenic and is 
not associated with intestinal tuberculosis; conversely, if the pul- 
monary condition is uncontrolled and there is positive sputum, the 
appendicitis is probably tuberculous. 

The follow-up studies bear out the seriousness of tuberculous 
appendicitis with uncontrolled pulmonary disease, since 6 of the 
cases so complicated, 5 are dead and the sixth is still under sanator- 
ium care 3} years later. Of the 5 dead there was 1 operative death, 
and 1 patient killed himself in despondency over his ill health. 
Two died 2 months after, and | a year and a half after the appen- 
dectomy from widespread tuberculosis. Therefore, in advanced 
pulmonary tuberculosis, appendicitis may be expected to be on a 
tuberculous basis, and if so, the prognosis is very bad. 

In contrast, of the 12 cases of pyogenic appendicitis followed, 
10 are alive. One died of his pulmonary disease, the other during 
a third stage thoracoplasty 1 year after the appendectomy. Of the 
10 living, 5 are still under sanatorium care and progressing satis- 
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factorily and 5 have been discharged as arrested cases. Subdividing 
the cases of acute pyogenic appendicitis, 4 have been discharged 
as arrested; of the 4 operated for recurrent appendicitis, only one 
has been arrested. 

Muller,’ Kinghorn,’ Armstrong,! and others in dealing with pul- 
monary tuberculosis have advocated appendectomy in cases with 
chronic intestinal disturbances to remove a source of irritation and 
often a tuberculous focus. Some have reported great improvement. 
As far as removing a tuberculous focus was concerned our results 
certainly do not warrant the procedure, since 5 of the 6 with tuber- 
culous appendicitis in this group are dead. 

Kinghorn,’ Sleffens’ and others have found no increase in the opera- 
tive mortality in appendicitis with pulmonary tuberculosis and 
advocate immediate operation in acute appendicitis, selective opera- 
tion in recurrent appendicitis. Our experience in general is in 
accord with this opinion. 

Summary. Seven cases of so-called primary tuberculous appen- 
dicitis are reported, of which 2 were later found to have tubercu- 
losis elsewhere. The history and physical findings in these 7 cases 
were essentially the same as in pyogenic appendicitis and the diag- 
nosis was not made pre-operatively. The prognosis was uniformly 
good. 

‘Twenty cases of pulmonary tuberculosis operated upon for appen- 
dicitis were reviewed; the lesion was acute in 13 and recurrent in 
7. Of the 20, 6 had tuberculous appendicitis; 5 of them were doing 
poorly pre-operatively from their pulmonary standpoint. Of the 6, 
5 are dead and the sixth is critically ill. The extremely poor prog- 
nosis of tuberculous appendicitis in advanced, uncontrolled pul- 
monary disease is evident. The 14 cases of pyogenic appendicitis 
occurred in patients who were doing well from the standpoint of 
their pulmonary tuberculosis. Their subsequent course has been 
such as to lead us to believe that their appendicitis was unrelated 
to their tuberculosis, and did not affect the course of that disease. 
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THE Lire AND CoNnvICTIONS OF WILLIAM SYDNEY THAYER, PHysician. By 
Epirax Girrincgs Rei. Pp. 243; illustrated. New York: Oxford 
University Press, 1936. Price, $2.50. 

ENTHUSIAST, perfectionist, loyalist, partisan, the essence of a gentleman 
in the highest sense, combined with a highly developed New England con- 
science, Dr. Thayer's vivid personality stands out in bold relief in these all- 
too-few pages. Quotations from his copious diary are numerous and well 
chosen; they are so revealing that the reader craves for more. But, granted 
that the 17 months of the Russian Red Cross mission and the war work in 
France ‘“‘make an exciting section of the book,” some will regret that they 
forced the rest of the Life into little more than half the total space. For 
instance, if “the life of Dr. Thayer reflected more clearly than that of any 
of his colleagues the story of the first years of the Johns Hopkins Hospital 
and Medical School” (Welch’s opinion), 26 pages can hardly do justice to 
such an interesting and important period. However, the virtues of the 
presentation and Mrs. Reid’s well known skill in biographical composition 
far outweigh such criticism. For those who knew Dr. Thayer well these 
sympathetic pages constitute a satisfying record, while adding occasional 
hitherto unknown details; for those about to make his acquaintance through 
these pages a figure of unusual strength of character, charm of personality 
and professional attainment will be disclosed. tT. K. 


DIETETICS FOR THE CLINICIAN. By MiLtron ARLANDEN BripGes, B.S., 
M.D., F.A.C.P., Director of Medical Detention, Rikers Island and West 
Side Hospitals, New York; Consulting Physician, Seaview Hospital, 
Staten Island, N. Y., ete. Pp. 1055. Philadelphia: Lea & Febiger, 
1937. Price, $10.00. 

Tue first edition of this work was described by the Reviewer as deserving 
emphatic recommendation. His judgment continues to be confirmed by 
the popularity of the work which has led to a third edition within less than 
4 years. The new volume, greatly amplified and in part rewritten, is an 
improvement on its predecessors. R. 


La Poncrion pe LA Rats. By P. Médicin des Hépitaux, P. 
Assistant 4 l’Hépital Tenon, SuzANNE PériEs, Chef de 
Laboratoire 4 |’Hé6pital Tenon. Pp. 148; 23 illustrations, some in colors. 
Paris: Masson et Cie, 1936. Price, 35 fr. 

Wir few exceptions (Achard, Widal, Nicolle) diagnostic puncture of 
the spleen (splenic biopsy) has not been practised routinely outside of 
Spain and Italy. The authors have sought to remedy this situation, and 
have come to the conclusion that with proper precautions and avoiding a 
few contraindications, the complications of hemorrhage and spread of 
infection are quite negligible. They have found the method very useful 
in diagnosing obscure splenomegalies and believe that even in primary 
blood diseases it may afford evidence that bone-marrow biopsy does not 
produce. A number of cases with colored illustrations are presented in 
support of their views. E. K. 
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ELEMENTARY Patuotocy. An Introduction to the Process of Disease. 
By Kerr 8. THompson, Pathologist, Selly Oak Hospital, Birmingham; 
Formerly Lecturer in the Department of Pathology, University of Bir- 
mingham and Pathologist, Queen’s Hospital, Birmingham. Pp. 74; 
29 illustrations and 3 colored plates. London: H. K. Lewis & Co., 
Ltd., 1936. Price, 10/6. 

Tus is an interesting attempt — the first of its kind that we have seen 
to bridge over the gap between a student’s notebook and the modern impos- 
ing textbook of pathology. The author starts from the sound premise that 
the majority of students are so much occupied in writing notes that they 
are less able to comprehend and absorb what the lecturer is saying and 
that often their notes miss important parts of the lecture. He has therefore 
prepared a richly illustrated, concise outline of general pathology with, for 
each page of text, at least one blank page on which the student can make 
his notes. The brevity of the work makes it easier to read the subject of the 
day in advance. In England, where students begin work in the wards 
coincident with the study of pathology, the book should be more useful 
than in this country where the course is differently arranged. Though we 
doubt its practicability in our own course, we would like to see it tried out 
by an intelligent student who did not neglect the study of his textbook as welk. 

E. K. 


Greek Mepicine. Volume XVIII of Clio Medica. By Frepv B. Lunp, 
M.D., Boston, Mass. Pp. 161; 7 illustrations. New York: Paul B. 
Hoeber, Inc., 1936. Price, $2.00. 

Tuts excellent monograph is the eighteenth of the historical series “Clio 
Medica,” which Hoeber is bringing out in handy pocket form under the 
editorship of Dr. Krumbhaar. Though the study of medicine and surgery 
long antedated the Greeks, they were the ones who established it on the 
footing to which our practices may be traced. In fact, as Lund states, 
to Hippocrates may be given the credit for freeing the art from the tram- 
mels of superstition and magic and putting it on a common-sense and even 
a scientifie basis. What went before belongs more to the student of 
archwology than of medicine. 

With our present-day knowledge of biology and chemistry we have a 
medical foundation which can no more be contradicted than the sphericity 
of the earth and its revolution around the sun. Greek medicine, on the 
other hand, came into existence when practically nothing was certain 
except the problems of mathematics. In fact another 150 years had to 
elapse after Hippocrates before even the principle of the lever was demon- 
strated by Archimedes, thus dispelling the not uncommon idea that it worked 
magically. Under the circumstances it is remarkable how successful these 
progenitors were in developing lines of thought, establishing a terminology 
and even setting the stage for what has come about in the way of saving 
of life, easing pain and making living a pleasure. 

This little volume has surely accomplished the purpose of the Editor, 
namely, to present this notable era from Hippocrates to Galen in concise, 
yet interesting and well-rounded form. J. W 


Dit VERERBUNG INNERER KRANKHEITEN. By Proressor Dr. WILHELM 
Weirz, Direktor der IJ. Medizinischen Klinik und Poliklinik an der 
Universitit Hamburg. Pp. 197; 67 illustrations and 12 tables. Stutt- 
gart: Ferdinand Enke, 1936. Price, Paper, Rm. 13; Bound, Rm. 14.60. 
_AN interesting and valuable collection from the world’s medical literature 
of the available data on the heredity of internal diseases, together with 
numerous observations made by the author in this field during the past 
15 years, ‘ 
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THe CycLopepia oF Mepicine. Vou. 13. Revision Servick. GEORGE 
Morris Prersou, B.S., M.D., Editor-in-Chief; Epwarp L. Bortz, A.B., 
M.D., Assistant Editor. Chief Associate Editors: W.WayYNeE Bascock, 
A.M., M.D., Surgery; Conrap Berens, M.D., Ophthalmology; P. 
BrooKE BLaNb, M.D., Obstetrics and Gynecology; Francis L. Leperer, 
B.8., M.D., Otology, Laryngology and Rhinology; A. GRAEME MITCHELL, 
M.D., Pediatrics. Pp. 1063; 190 illustrations. Philadelphia: F. A. 
Davis Company, 1937. Price, $12.00. 

“To revise completely a work of the magnitude of the Cyclopedia 
frequently is obviously out of the question. Therefore ... it is proposed 
to issue annually a service volume .... which will keep the Cyclopedia 
thoroughly abreast of the times.’ In large part the book consists of 
abstracts of the literature which has appeared since the writing of the 
origina articles. There are also a number of articles that obviously fill 
in gaps in the original publication. Although 117 authors have con- 
tributed to the present volume, there is very little duplication, a tribute 
to good editing. The material is well arranged and completely indexed. 

R. K. 


Recent ApvANCES IN ENpocriInoLoGy. By A. T. Cameron, M.A., D.Sc. 
(Epin.), F.LC., F.R.S.C., Professor of Biochemistry, Faculty of Medi- 
cine, University of Manitoba; Biochemist, Winnipeg General Hospital. 
Pp. 458; 65 illustrations, including 3 plates. Third edition. Phila- 
delphia: P. Blakiston’s Son & Co., Inc., 1936. Price, $5.00. 

In this edition there has been an increase from 365 to 458 pages, and a 
large increase in bibliography. Such an abstracting of the voluminous 
literature has value in permitting the reader to locate references en a given 
subject which he can consult in the original, and in giving a bird's-eye view 
of recent work in endocrines to one not actively working in this field. 
As the author himself undoubtedly realizes, it is not humanly possible for a 
person working in one field to be able to analyze critically the results in 
other special fidds of endocrinology. The Reviewer would prefer to see less 
said about some published work that requires corroboration, but the author 
makes every attempt to be fair by referring to work on opposing sides of 
various subjects. I. Z. 


Mopern TREATMENT AND FormuLAry. By Epwarp A. P.D., 
M.D., F.A.C.S., Assistant Professor of Pharmacology and Physiology, 
Philadelphia Collge of Pharmacy and Science; Lieutenant-Commander, 
Medical Corps, U. 8. Naval Reserves. Foreword by Horatio C. Woop, 
Jr., Professor of Therapeutics in University of Pennsylvania, Graduate 
School of Medicine; Professor of Pharmacology and Physiology, Phila- 
delphia College of Pharmacy and Science. Pp. 707. Philadelphia: F. 
A. Davis Company, 1936. Price, $5.00. 

THE author’s goal was laudable: to place at the ready disposal of the 
busy practitioner the essentials of treatment as gleaned from standard 
works on therapeutics and current literature, with emphasis on the presen- 
tation of actual prescriptions over 2000 of them. He has undoubtedly 
succeeded in bringing much that is useful to the attention of “‘a generation 
of physicians .... not sufficiently grounded in materia medica... .’’ He 
has however included much that is useless, perhaps even harmful, and 
there are a few important omissions. Thus there are 16 prescriptions for 
various combinations in which quinine may be employed in malaria, but 
no mention is made of plasmochin or atabrine. Prescriptions containing 
8 or 9 ingredients smack of an unwarranted polypharmacy. Three grains 
of desiccated thyroid daily is hardly a proper prescription for neurasthenia, 
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without some reference to basal metabolism. There is no mention of 
etiologic agents (drugs) to be avoided in the treatment of patients with 
agranulocytic angina. Nothing is said of possible contraindications to 
quinidine. The author writes both English and metric dosages, but he 
thinks in terms of the English; else why write ‘menthol |972?” A pro- 
prietary preparation with secret formula is recommended. If there is a 
more thorough winnowing of chaff from the wheat, this can be made a 
very useful book in its future editions. R. K. 


PATHOLOGY OF THE NekvoUS System. A Student's Introduction. By 
J. Henry Biacart, M.D. (Betrasr). Pp. 335; 204 illustrations. Balti- 
more: William Wood & Co., 1936. Price, $5.25. 

THE recent appearance of several excellent texts on neuropathology 
reflects theJpresent-day interest in neurology. The author's book, which 
he himself modestly terms ‘A Student's Introduction,” is a clearly written 
and well-illustrated guide in which the principles of pathology are applied 
to the lesions of the nervous system. All too often in neuropathologic 
literature it has been apparent that the writers have not served their 
apprenticeship in the department of pathology. Specialization in a diffi- 
cult field without adequate training has led to the invention of many 
meaningless terms for lesions in the nervous organs having their counter- 
part in well-known changes of other organs. Indeed, there has been a 
tendency to regard neuropathology as a subject of interest solely to the 
neurologist, and in many of our hospitals neuropathology has become 
divorced from general pathology. But, as Professor Drennan rightly says 
in his Foreword, “It will be unfortunate, however, if neuropathology is to 
lose contact with its parent, general pathology, for the same problems 
concern both. In this book the author has kept the relationship, and 
throughout there will be found analogies between the disease processes 
seen in the nervous tissue and in other tissues of the body. The apparent 
differences are shown to be due to the different anatomical factors —glial 
tissue in place of fibrous tissue, Virchow-Robin space for perivascular 
lymphaties, and so on.’’ These sentences of Professor Drennan give so 
trenchantly the spirit of the author’s text that the Reviewer has quoted 
them verbatim. It remains to say that the author has had a well-rounded 
training in pathologic laboratories in this country and Great Britain, and 
that this training is reflected in his admirable text, which is sincerely recom- 
mended not only to medical undergraduates, but to those professional 
pathologists who have slighted a most interesting field of their profession, 
and to practitioners who see and study the patient in the early stages of 
his disease. B. L. 


\ Text-Book or Histotocy. Arranged upon an Embryological Basis. 

By J. Lewis Bremer, M.D., Hersey Professor of Anatomy, Harvard 

I niversity. Pp. 580; 455 illustrations (36 in colors). Fifth edition of 

“Lewis and Stohr.’ Philadelphia: P. Blakiston’s Son & Co., Ine., 

1936. Price, $6.50. 

“THE increasing vitality of the embryological and histological sciences 
within the last few years seems to require a rather radical revision of this 
textbook with the incorporation of much new material. More emphasis 
lias been given to the normal functional changes in the various cells and 
to their activities in the living state, as correlated with the usual histological 
picture. The newer conceptions of the various hormones have been 
briefly included, and because of their importance the reaction on the endo- 
crine glands has been advanced to a position ahead of the sections dealing 
With those organs in which their actions are best recognized. In general, 


a 


708 BOOK REVIEWS AND NOTICES 


however, the book follows the same plan as in former editions, and emphasis 
is still laid more on development and the resulting form than on function, 
except as the latter helps to explain the morphology... .. Some of the 
improved mechanical characteristics of this edition are -a large percentage 
of new illustrations, a glareless paper, a sturdy, cleanable and water resisting 
binding.”” (From Preface and Publishers’ Statement.) 


ALLERGIC Diseases. THEIR DIAGNOSIS AND TREATMENT. By Ray M. 
BatyeaT, M.A., M.D., F.A.C.P., Associated Professor of Medicine and 
Lecturer on Diseases Due to Allergy, University of Oklahoma Medical 
School; Chief of the Allergy Clinic, University Hospital, ete. Assisted 
by Rate Bowen, B.A., M.D., F.A.A.P., Chief of Pediatrie Section, 
Balyeat Hay Fever and Asthma Clinic, Oklahoma City, Oklahoma. 
Pp. 516; 132 illustrations (8 in colors). Fourth edition, revised and 
enlarged. Philadelphia: F. A. Davis Company, 1936. Price, $6.00. 
ORIGINALLY planned as a manual for the instruction of patients, this 

book has been expanded in successive editions to serve also the general 

practitioner. It contains much practical information and advice, but the 
extensive use in asthma of endotracheal instillation of iodized oil, as recom- 
mended by the author, is to be condemned. R. kK. 


Metuops oF Tissue Cutrure 1s Virro. By Bucuspaum, 
Pu.D., Department of Zodlogy, University of Chicago, and Outlines 
of Histological Methods, with Special Reference to Tissue Culture, by 
Crayton G. Loosii, Px.D., Department of Anatomy, Unjversity of 
Chicago. Pp. 81 (lithographed); 19 illustrations. Chicago: The Uni- 
versity of Chicago Press, 1936. Price, $1.00. 

As stated in the Foreword, the booklet “presents a simplified method 
of tissue culture for a single investigator in an ordinary biological labora- 
tory. All of the requirements for best growth have been included, but 
the attempt has been made to eliminate procedures of doubtful value, to 
minimize certain precautions which seem to be overemphasized by some 
workers, and to recommend equipment which is as inexpensive as possible.”’ 
In addition, there is given an outline of methods for fixing, embedding, 
sectioning and staining cultures and control tissues. 

The authors have presented their subject with clearness and admirable 
brevity. The illustrations and the references to books and articles on 
technique are well chosen. The beginner will find in this book a guide 
that will encourage rather than scare him. B. L. 


A Prerace To Nervous Diseases. By Srantey Coss, A.B., M.D., 
Bullard Professor of Neuropathology, Harvard Medical School; Psy- 
chiatrist-in-Chief, Massachusetts General Hospital. Pp. 173; 13. illus- 
trations. Baltimore: William Wood & Co., 1936. Price, $2.50. 

His long teaching experience has led the author to views expressed in 
the Foreword: ‘To make the student understand the important principles, 
the teacher must simplify and schematize; frankly, of course. The anat- 
omy and physiology of the brain must be taught with the pathology. In 
the curriculum each may be put into a separate compartment. To the 
intellect they are inseparable. 

“The book is written to give to students of medicine (and all good physi- 
cians remain students as long as they live) the facts and correlations needed 
to understand the simpler workings of the central nervous system. In 
truth, little more than these simple mechanisms is thoroughly understood, 
and even some of these are still controversial. Thus, adherence to prin- 
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ciples that are fairly well established has kept the book small, for it has 
been my aim to mention only those anatomical structures the physiology 
of which is known, to discuss only physiological processes for which there 
is at least a fairly well-substantiated anatomical correlation, and to describe 
only the pathology that has fundamental significance. References are 
given for the reader who would study details. The book is a preface, to 
start the student with a three-dimensional orientation towards neurology 
and psychiatry —a brief, concurrent anatomy, physiology, and pathology.” 

The book is divided into 12 short chapters: Autonomic nervous system ; 
segmental and suprasegmental aspects of the cerebrospinal nervous system ; 
motor integration and locomotion; functional localization in the cerebral 
cortex; consciousness and the ‘mind-body’ problem; cerebral circulation; 
cerebrospinal fluid; paths of infection to the nervous system; general histo- 
logie pathology; the peripheral nerve and neuritis; special histologic path- 
ology; epilepsy and the psychoses. 

The author has succeeded in wielding together the principles of neurology 
which he presents in a clear and pleasant style. B. L. 


Mrs. Eppy Purtoins From Newly Discovered Source Reveals 
Amazing Plagiarisms in Science and Health. By Wavrer M. HausHat- 
rTeR. Pp. 126; illustrated. Boston: A. A. Beauchamp, 1936. Price, 
$1.50. 

In 1907 Mark Twain strongly stated his belief that Mrs. Eddy was not 
the sole author of “Science and Health,” suggesting that parts of it were 
obviously the product of an intellect far greater than that displayed by 
Mrs. Eddy in other writings, indubitably hers. As the author points out, 
Twain's “surmise was in the direction of some unknown author who died 
before his work gained the light of public attention.” In proof of this 
the author offers a photostatic copy of a manuscript which recently came 
to his hands in the course of his search for Mrs. Eddy’s possible source 
material. Entitled “The Metaphysical Religion of Hegel,” it bears the 
name of Francis Lieber, distinguished German-American publicist, by 
whom it was sent in 1866 to Hiram Crafts. In Crafts’ home Mrs. Eddy 
lived from 1866 to 1868 and there, according to a biographer, ‘she began 
to systematize her ideas and write out a new manuscript.” “Science and 
Health’? was not published until 1875, three years after Lieber’s death. 
Numerous quotations would show that the Lieber manuscript is the chief 
source from which she drew what she could grasp of Hegel’s transcendental 
philosophy, and from which she appears to have plagiarized most brazenly. 
It is to be hoped that the author will bring forward further evidence fully 
to authenticate his extremely interesting and important find. 


R. K. 


THe Harvey Lectures. Serres XXXI. Delivered under the Auspices 
of The Harvey Society of New York, 1935-1936. Under the patronage 
of the New York Academy of Medicine. Pp. 255; illustrated. Balti- 
more: The Williams & Wilkins Company, 1936. Price, $4.00. 

Or the 8 lectures of last year’s series, the first is by Max Bergmann on 
‘Proteins and Proteolytic Enzymes.”’ He points out the importance of 
a complicated periodic repetition of simple structural elements, as a concept 
of protein structure and the promise that study of proteolytic enzymes 
and selective precipitation gives for elucidation of the structure of the 
proteins. In the second lecture, “The Significance of Chimpanzee-Culture 
for Biological Research,’ Yerkes defends the thesis “that experimental 
biology requires and should demand, as does chemistry, relatively stan- 
dardized, describable, and carefully controlled materials of research.” 
Rous’ “Virus Tumors and the Tumor Problem” describes the virus tumors 
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of fowl and rabbits—Lucké’s renal carcinoma of frogs is not considered. 
Rous combats 8 difficulties that “stand in the way of the supposition, for 
experimental purposes, that the general run of malignant growths is due 
to viruses.” In the fourth lecture, “ Relations Between the Parathyroids, 
the Hypophysis and the Pancreas,’ Houssay presents a number of these 
complicated relationships. J. F. Fulton’s lecture on “Interrelation of 
Cerebrum and Cerebellum in the Regulation of Somatic and Autonomic 
Functions,” the longest of the series, relates how the results, especially 
of decerebellation and decortication, demonstrate ‘the coéxistence in the 
same anatomical area of the cortex, as well as in the cerebellum, of auto- 
nomic and of somatic representation (which) makes possible simultaneous 
and appropriate adjustments.” Shope’s discussion of “The Influenzas of 
Swine and Man,” presents the highly important demonstration that swine 
influenza is due to the concerted action of a filtrable virus and a bacterium 
and emphasizes similarities in the etiology of swine and human influenza. 
Warren Lewis’ study of ‘* Malignant Cells” in tissue cultures (especially 
with the roller-tube technique) supports the view that they are perma- 
nently altered cells, cytologically and physiologically. The last lecture 
of the series, “The Physiology of the Bronchial Vascular System,’ by 
I. de Burgh Daly, of the University of Edinburgh, describes work elucidat- 
ing the importance of the bronchial vascular system in the maintenance 
of intrinsic pulmonary nervous mechanisms. 

“The high standard of these famous lectures has been well maintained,” 
has long since become 2 truism; yet it is the most fitting comment that 
one can make on this volume. EK. K. 


HuGu Owen Tuomas. A Personal Study. By Frepertck Warsqn. Pp. 
94; illustrated. New York: Oxford University Press, 1934. Price, 
$4.25. 

HucuH Owen Tuomas. His Principles and Practice. By D. McCrar 
AITKEN, M.A., M.B., Cu.B. (Eb.), F.R.C.S. (Ep. anp ENG.), Director of 
Surgery, Robert Jones and Agnew Hunt Orthopaedic Hospital; Senior 
Surgeon, St. Vincent’s Orthopedic Hospital, ete. Pp. 96; 1 illustration, 
8 plates. New York: Oxford University Press, 1935. Price, $4.25. 
THESE two monographs dealing with the life and work of Thomas were 

prepared as companion books. ‘*The Personal Study” was written by 

Thomas’ son-in-law; the “Principles and Practice” by a pupil and colleague 

of Sir Robert Jones who in turn was a brother-in-law to Thomas. Both 

works were inspired by Sir Robert. It had been his hope to issue in 1934 

a centenary volume dealing with epochal work in orthopedics of his famed 

friend and relative. The death in 1933 of Sir Robert made it necessary that 

the work be done by others. The choice of authors and the division of their 
labors was a most happy one. To Hugh Thomas orthopedic surgery 
throughout the world owes much. To it Thomas brought the skilled hands 
of a master craftsman and a mind that insisted upon the application of 
physiology to the treatment of deformities. The results of such a happy 
conjunction of talents could only be the rational solution of the problems 
attacked. When we learn of the personal characteristics of the man, it is 
easy to see how his principles and practices gained widespread circulation. 

No other man so advanced the mechanical and manipulative phases of 

orthopedic surgery as did Hugh Owen Thomas. Few workers since have 

been able to extend the domain of these branches. It is most interesting 

to realize that the great advance in the operative field of orthopedic surgery 

was given its impetus by Thomas’ brother-in-law, Sir Robert Jones. These 

two monographs are of great interest and value. They are splendidly 


r 


written and well illustrated. G. W. 
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PRINCIPLES OF BacrertoLoGy. By Arruur A. Etsennenc, A.B., M.D., 
Director of Laboratories, Sydenham Hospital New York, and Masen F. 
Huntiy, R.N., M.A., Director of Nursing, Wesson Memorial Hospital, 
Springfield, Mass. With annotations and a Section on Microbie Varia- 
tions by F. Ek. Cotten, M.S., Pu.D., Professor of Bacteriology, Voca- 
tional School, Milwaukee. Pp. 378; 90 illustrations, 8 colored plates. 
Sixth edition. St. Louis: The C. V. Mosby Company, 1935. Price, 
$2.75. . 

Tuts useful introduction to bacteriology has been improved by the 
revision of several sections, especially those dealing with the leukocytes, 
with sensitivity phenomena and with diseases due to animal parasites. 
Except for instances in which the effect to obtain simplicity of diction has 
resulted in loss of accuracy, the book achieves its purpose. The section 
devoted to study of specific disease agents is properly subordinate; but the 
grouping of species by physiologic effects rather than by biologic rela- 
tionships is likely to result in confusion, if a systemic laboratory study 
course accompanies the didactic work. J. F. 


Appuiep Diererics. For Adults and Children in Health and Disease. By 
Sanrorp Bium, A.B., M.S8., M.D., Head of Department of Pediatries, 
and Director of Research Laboratory, San Francisco Polyelinie and 
Post-Graduate; School. Pp. 408. Philadelphia: F. A. Davis Company, 
1936. Price, $4.75. 

Wu Le the book contains much that is good and practical, especially in 
the section on the dietary for infants and children, it also contains much 
that is questionable and irrational. Thus it is advised that the normal 
adult male shall avoid preserved, salted, spiced and canned meats and 
fish; tongue, kidneys, sausage, liver, pot roast, stews, pork, duck, goose, 
soup meat, hash; herring, lobsters, crabs, clams, mussels; berries, jams, 
preserves, etc. There is little attention paid to quantities of foods. The 
book is not recommended. R. K. 


THe British ENncycvop-epia OF Mepican Practice. Including Medicine, 
Surgery, Obstetrics, Gynecology, and other Special Subjects. Vol. 1, 
Abdominal Pain to Appendicitis; Vol. 2, Apraxia to Carriers in Infective 
Disease. Under the General Editorship of Sir Humpury Ro.ieston, 
Br., G.C.V.O., K.C.B., M.D., D.Se., D.C.L., LL.D., Emeritus Regius 
Professor of Physic, Cambridge; Sometime President of the Royal 
College of Physicians of London. With the assistance in a consultative 
capacity of F. R. Fraser, M.D., F.R.C.P., Professor of Medicine, 
University of London; G. Grey Turner, M.S., D.Cu., F.R.C.S., Pro- 
fessor of Surgery, University of London; James Youne, D.S.O., M.D., 
F.C.0.G., Professor of Obstetries and Gynxecology, Uni- 
versity of London; Sir Leonarp RoGers, K.C.S.1., LL.D., F.R.C.P., 
F.R.C.S., F.R.S., Extra Physician, Hospital for Tropical Disease, London; 
F. M. R. Wausue, O.B.E., M.D., F.R.C.P., Fellow, University College. 
Pp.: Vol. 1, 802; Vol. 2, 830. Illustrations: Vol. 1, 96; Vol. 2, 111, 
and 15 plates (5 in colors). London: Butterworth & Co. (Publishers), 
Ltd., 1936. Price, $12.00 per volume. 

A propwucTION of this size by such distinguished contributors and eminent 
editors is almost necessarily an event of prime importance in the medical 
book publishing world. The fortunate owners of these volumes will have 
authoritative statements on the whole field of medical practice, including 
medicine, surgery, obstetrics, gynecology and other specialties. This in 
itself makes possession of such a work as necessary as access to the Encyclo- 
pedia Britannica is to any cultured individual. An added and important 
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benefit will be the “Keyed Supplementary”? volumes which will keep the 
work regularly up to date. ‘Arranged for the convenience of the busy 
practitioner,” the encyclopedia frankly concentrates on diagnosis and 
treatment, minimizing historical data and including only those pathologic 
details that are essential for practical purposes. The first volume contains 
51 articles by 46 authors; the second, 56 articles by 62 authors. They 
vary in length from a single page (Ainhum, Angio-keratoma, Bornholm 
Disease) to whole treatises, such as the 64 pages on Anemia. The more 
important articles in these 2 volumes are on Acute Abdominal Emergencies, 
Abortion, Accessory Sinuses of the Nose, Adiposity, Adrenal Gland Dis- 
vases, Allergy, Amputation, Anwmia, Anesthesia, Aneurysm, Angina 
Pectoris and Coronary Thrombosis, Anus Diseases, Arterial Disease and 
Degeneration, Arthritis, Backache and Lumbago, Bladder Diseases, Blood 
Examination, Brain Tumour, Breast Diseases. Ease of reference has 
been stressed throughout; the exhaustive 60-page index gives many cross- 
references that greatly increase the encyclopedic value of each volume as 
it appears. Thus while “acidosis” is covered in a 7-page article, its rela- 
tion to adenoids, alcoholism, alkalosis, anesthesia and so on can readily be 
found in other parts of the volume by reference to the index. 

The recent appearance of the new edition of Sajous’ 12-volume Cyclopedia 
in this country inevitably invites comparisons with this great work, though 
as the two productions have been developed along somewhat different lines 
the overlap is far from complete. In general, one may say that the Ameri- 
‘an work has more articies that tend to be shorter in length, though some 
(e. g., adrenal gland, appendicitis) are as long as the longest of the English, 
and the extra 3 volumes have apparently permitted many to be longer 
than those on the*same subject in the English work. One feature that 
might well be copied in later volumes of the work under review is the 
inclusion in smaller print of matter that is necessary but of minor impor- 
tance. In regard to the topics considered, anyone, of course, can criticize 
the omission of this or that subject (e. g., abscess, acetanilid, acetone) or 
disproportions of allotted space (e.g., 4 pages for “‘ackee poisoning” vs. 
5 for amyloid disease, which by the way does not appear at all in the 
American work); but how can even substantial agreement be expected in 
such a task? Furthermore, subjects missed in A and B may turn up under a 
different classification in later volumes. The task of selection of topics 
for treatment must indeed be about the most difficult of all in the prepara- 
tion of such a work. For American readers the all-British authorship 
(one might almost say the all-London) gives the added interest of a trans- 
atlantic presentation that nevertheless can be assimilated without confusion 
by those differently trained on this side. Of course, most important of all 
in any scientific work, is the value of the contributions themselves; also, 
of course, no one reader can estimate this value even after long acquaint- 
ance. Time and a multitude of readers will have to supply the verdict. 
However, the Reviewer believes that if the remaining volumes of the set 
live up to the promise of the first 2, this will indeed be a valuable addition 
to medical literature. E. K. 


DIFFERENTIALDIAGNOSE IN DER INNEREN MeEpIzIn. LIEFERUNG 2. 1.-6, 
Tausenp. By Pror. Dr. Men. O. Direktor der Medizinischen 
Universitatsklinik, Ziirich. Pp. 414; 97 illustrations. Leipzig: Georg 
Thieme, 1936. Price, Rm. 9.60. 

Tue second “Lieferung” of this work treats in systemic manner the 
differential diagnosis of diseases of the abdomen, lung and pleura. The 
first of these—the longest section—deals briefly with such matters as 
abdominal pains of various kinds, hemorrhage and anemia, resistance, 
stenoses, ileus, gastric ulcer, carcinoma, gastritis, gastrocardiac symptoms, 
appendicitis, peritonitis and so on. Kk. K. 
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A Heattu Epucation Worksook. For Teachers, Parents, Nurses and 
Social Workers. By KatTHLEEN WILKINSON Woorren, M.A., Professor 
of Health; Head, Department of Health and Physical Education, Georgia 
State Teachers College for Women, Milledgeville, Georgia. Pp. 273. 
New York: A.S. Barnes & Co., Inc., 1936. Price, $1.50, paper binding. 
Tuts outline for health education is best suited for the grade school 

teacher, and the athletic instructor who is frequently required to supervise 

health education. The book is too elementary for college teachers. In 
addition to the usual hygiene subjects, as diet, exercise, and sex, the qual- 
ifications for a health teacher are outlined, and a method of presentation 
of health education is given. There is very little mention of public health 
work, and nothing on the history of medicine—both of which are necessary 
for a complete education on health. There are many quotations from health 
writers that are well adapted for pedagogical work. The subject matter in 
each chapter is presented as: “Objectives,” ‘Study Outline,” “Activities,” 
and lastly, ‘‘References.”” There are many good references for the lay reader. 
As a skeleton outline for elementary health education and school health 
supervision by a layman, this book will find a place. N. B. 


Synopsis OF ANO-RECTAL Diseases. By Louis J. Hirscuman, M.D., 
F.A.C.S., Ex-Vice-President, A.M.A., Professor of Proctology, Wayne 
University, etc. Pp. 288; 174 illustrations and 6 color plates. St. Louis: 
The C. V. Mosby Company, 1937. Price, $3.50. 


Dr. HirscuMan has already favored both students and practitioners 
with 4 editions of his Handbook on Diseases of the Anus and Rectum. The 
synopsis now presented affords the reader the summary of a lifetime of 
experience in this field. As pointed out in the preface, the book is subject 
to the limitations of a synopsis. However, the concise arrangement of 
subject matter, the frequent use of apt illustrations and the omission of 
controversial minutiz will undoubtedly make it very valuable to the large 
group of physicians for whom it was written. I. R 


AnimAL Micro.ocy. Practical Exercises in Zodlogical Micro-technique. 
By Micuart F. Guyer, Professor of Zoédlogy in the University of Wis- 
consin. With a chapter on Drawing by Evizasetu A. (Smits) Bean, 
Former Assistant Professor in Zoélogy in the University of Wisconsin. 
Pp. 331; 76 illustrations. Fourth edition, revised. Chicago: The 
University of Chicago Press, 1936. Price, $2.50. 

Tue fourth edition of this book follows the general pattern of earlier ones. 
It omits discussions of how and why various methods were developed, and 
its make up is confused. For example, on page 5, “keep everything clean!” 
heads “important general rules,’ but cleaning solutions are mentioned first 
on page 61 and only in connection with used slides. Revision of other 
chapters seems indicated also; that on the paraffin method is inadequate; 
the microtome as a machine is scarcely mentioned and newer apparatus 
for shapening knives is not discussed. Frozen section technique seems out 
of place in a book which deals chiefly with the subject matter of elementary 
zoology. This edition includes a chapter on the use of “dioxan’’ (diethylene 
oxide) in histological technique. This and outlines of numerous standard 
methods will make it useful for experienced technicians; but, for those who 
wish more adequate information on histologic methods, other books will 
be more satisfactory. H. R. 
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Clinical Laboratory Diagnosis. By Samurui A. Levinson, M.8., M.D., 
Director of Laboratories, Research and Educational Hospitals, Chicago; 
Associate Professor of Pathology and Bacteriology and Assistant Profes- 
sor of Medicine, University of Illinois College of Medicine; and Ropert 
P. MacFare, Cu.E., M.S8., Assistant Director of Laboratories, Research 
and Educational Hospitals, Chicago; Associate in Pathology and Bae- 
teriology and Instructor of Physiological Chemistry, University of Illinois 
College of Medicine. Pp. 877; 144 illustrations, 78 tables and 13 plates (5 
in colors). Philadelphia: Lea & Febiger, 1937. Price, $9.50. 

Das Hormon des Corpus Luteum. (Biologie, Chemie und Klinik.) By 
Dr. Ericu Frets, Dozent fiir Geburtshilfe und Gynikologie, Leiter der 
Abteilung fiir Biologie und experimentelle Chirurgie am Instituto de 
Maternidad de la Sociedad de Beneficencia, Buenos Aires. Pp. 169; 40 
illustrations. Leipzig: Franz Deuticke, 1937, Price, Paper, M. 12; 
Bound, M. 14.40. 

Le Artropatie Croniche. Escluse Quelle da Germi Conosciuti. (In Mono- 
grafie Medico-Chirurgiche d’Attualita.) By Dorr GagTaANo ZaAppPa.a, 
degli Ospedali Riuniti di Roma. Collaborazione del Pror. Gruserrr 
Lazzaro. Prefazione del Pror. Cesare ANronucci, Chirurge Primario 
degli Ospedali Riuniti di Roma. Pp. 237; 9 illustrations. Roma: 
Luigi Pozzi, 1936. 

This attempt to present ‘the actual state of our knowledge of chronic arthritis”’ 
appears to suffer from lack of acquaintance with the English speaking literature 
on the subject. 

Fisiopatologia del simpatico nell womo. Memoria premiata dal R. Istituto 
Lombardo di Scienze e Lettere con il premio di fondazione Fossati. 
(In Monografie Medico-Chirurgiche d’Attualita.) By Pror. Gino Prert, 
Chirurgo Primario nell’Ospedale Civile di Udine. Prefazione del Pror. 
CESARE FRuGONI, Direttore della Clinica Medica della R. Universita di 
Roma, Pp. 78; 41 illustrations. Roma: Luigi Pozzi, 1936. 

This essay, which was the prize of the Fossatti Foundation of the Royal Institute 
of Science and Literature of Lombardy, is based on a study of disorders regarded 
as due to sympathetic stimulation or paralysis. 

Electrical Signs of Nervous Activity. (The Eldridge Reeves Johnson Founda- 
tion for Medical Physics.) By JoserH ErRLanGer, Professor of Physiol- 
ogy, Washington University, and Hernertr $8. Gasser, Director, The 
Rockefeller Institute for Medical Research. Pp. 221; 113 illustrations. 
Philadelphia: University of Pennsylvania Press; London: Humphrey 
Milford; Oxford University Press, 1937. Price, $3.50. 

The Psychology of Eating. By Lewis Roperr Woiperc, M.D. Pp. 321. 
New York: Robert M. McBride & Co., 1936. Price, $3.00. 

The Medical Clinics of North America, Vol. 21, No. 2 (Boston Number 
March, 1937). Pp. 642; illustrated. Philadelphia: W. B. Saunders 
Company, 1937. 

The Ocular Fundus in Diagnosis and Treatment. By Donatp T. ATKINSON, 
M.D., F.A.C.S., Consulting Ophthalmologist to the Santa Rosa Infirmary 
and the Nix Hospital, San Antonio, Texas, ete. Pp. 142; 48 illustra- 
tions and 58 colored plates. Philadelphia: Lea & Febiger, 1937. Price, 
$10.00. 

Cancer and Diet. With Facts and Observations on Related Subjects. By 
Freperick L. Horrman, LL.D., The Biochemical Research Foundation 
of the Franklin institute, Philadelphia, Pa. Pp. 767; 187 tables. Balti- 
more: The Williams & Wilkins Company, 1937. Price, $5.00. 
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Cataract. Its Preventive and Medical Treatment. Yor Specialists, General 
Practitioners and Students. By A. Epwarp Davis, A.M., M.D., For- 
merly Professor of Ophthalmology, New York Post-Graduate Medical 
School and Hospital (Columbia University), ete. Pp. 161; 11 charts. 
Philadelphia: F. A. Davis Company, 1937. Price, $3.00. 

: Compulsory Health Insurance and Disease Control. By Frepvertck L. 
HorrmMan, LL.D., Consulting Statistician, Philadelphia, Pa. Pp. 38. 
New York: Public Relations Bureau, Medical Society of the State of 
i New York, 1936. Price, 10 cents. 
This is a comparison of vital statistics in the United States with those of several 
foreign countries in which health insurance has been in operation for many 
| years. It is not favorable to health insurance. 


The History of the Acute Exanthemata. The Fitzpatrick Lectures for 1935 
and 1936. Delivered before the Royal College of Physicians of London. 
By J. D. Rotieston, M.A., M.D., F.R.C.P., F.S.A., Medical Superin- 
tendent, Western Fever Hospital, London. Pp. 114; illustrated. London: 
William Heinemann (Medical Books), Ltd., 1937. Price, 7s. 6d. 

Diabetes. A Modern Manual. By Antruony M. Sinponi, Jr., M.D., 
Chief of the Diseases of Metabolism at the St. Agnes Hospital; Chief 
Consultant in the Diseases of Metabolism at the Oncologic Hospital, ete. 
Introduction by Morris Fisupern, M.D., Editor, Journal of the American 
Medical Association, with a Foreword by GrorGe Morris Prerson, 

B.S., M.D., Professor of Medicine, Graduate School of Medicine, Uni- 
versity of Pennsylvania; Physician to the Graduate School Hospital, ete. 

Pp. 240. New York: MeGraw-Hill Book Company, Inc., 1937. Price, 


$2.00. 

Christian R. Holmes. Man and Physician. By Martin Fiscuer. Pp. 

7 233; illustrated. Springfield, Ill.: Charles C Thomas, 1937. Price, 
$4.00. 


Handbook of Orthopedic Surgery. By ALFrep Rives SHANDs, JR., B.A., 
M.D., Associate Professor of Surgery in Charge of Orthopedic Surgery, 
Duke University School of Medicine, and Chief of the Orthopaedic Ser- 
vice, Duke Hospital, Durham, N.C., ete. In collaboration with RicHarp 
BeverLty Raney, B.A., M.D., Instructor in Orthopaedic Surgery, Duke 
University School of Medicine. Pp. 593; 169 illustrations. St. Louis: 
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OXYGEN THERAPY.* 


OXYGEN treatment is an example of a therapeutic procedurt long 
recognized in principle yet only recently shown to have practical 
applicability and significance. The biologic significance of oxygen was 
recognized by Lavoisier in the same year that it was discovered 
by Priestley®. His epoch-making experiments, begun in 1775 and 
ending with the guillotine in 1794, demonstrated that oxygen is ab- 
sorbed through the lungs and that it plays a similar réle in the oxida- 
tive process of living as in that of non-living systems.“ Priestley him- 
self recognized the therapeutic possibilities of oxygen in asphyxial con- 
ditions.” As early as 1798, Thomas Beddoes founded a Pneumatic 
Institute in Clifton, where oxygen was used in the treatment of asthma 
and heart disease and also of opium poisoning.*® Others have advocated 
its use in a variety of conditions, including tuberculosis, diabetes, 
syphilis, gout and hysteria. Because of its indiscriminate application, 
oxygen therapy fell into disuse. Its rational use became established 
only after physiologic and clinical investigations had discovered the 
nature of certain normal and morbid bodily states, particularly the 
various types of anoxia. When methods were finally devised which 
made possible the measurement of changes following its administration, 
and when industrial development made its prolonged administration 


* This discussion makes no attempt to review the subject completely. Compre- 
hensive discussions, particularly on the physiologic principles of the subject, may 
be found in the following works: (a) Pagel, J.: Handb. d. Sauerstoff-therapie, ed. 
by M. Michaelis, Berlin, 1906; (6) Lundsgaard, Ch., and Van Slyke, D.D.: Cyanosis, 
Medicine, 2, 1, 1923; (c) Meakins, J. C., and Davies, H. W.: Respiratory Function 
in Disease, London, Oliver & Boyd, 1925; (d) Peters, J. P., and Van Slyke, D. D.: 
Quantitative Clinical Chemistry, The Williams & Wilkins Company, Baltimore, 1931, 
Chap. XII, Hemoglobin and Oxygen, 1, 518. 
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practical, comfortable and reasonably economical, oxygen became an 
important therapeutic agent. This has been accomplished, to a large 
extent, during the past two decades. 

In the evaluation of the therapeutic usefulness of oxygen two ques- 
tions must be answered: 1, Is oxygen of value only as a substitute in 
conditions in which anoxia of tissues exists? 2, Is it also beneficial in 
conditions in which there is a normal supply of oxygen? 

Oxygen Deficiency. The manifestations of oxygen deficiency have 
been established primarily by studies on the effects of gas mixtures 
with reduced oxygen concentration, particularly by Haldane?’* and 
Barcroft,® and by studies on the effect of reduced atmospheric pressure 
under artificial conditions, as in chambers,” and at high altitudes.” 
The manifestations of these different types of oxygen deficiency are 
essentially the same and they depend mainly on whether the anoxia is 
acute or chronic. 

There is scarcely any storage of oxygen in the body. The slight storage 
in the lungs is evidenced by the fact that few can hold their respiration 
more than 2 minutes. If, therefore, air is washed out of the lungs by 
inert gases, unconsciousness may ensue almost at once. Thus, a miner 
who walks into a pocket of methane “‘is struck down as though he had 
been felled by a blow on the head.’ Gradual deprivation of oxygen 
produces impairment of mental function, usually without appreciation 
of this fact by the subject. There is an increase in the rate and, to a 
lesser extent, in the depth of respiration. The normal range of the 
Hering-Brauer reflex is diminished. The heart rate is increased and the 
pulse is feeble. Cyanosis, vertigo, anorexia, nausea and vomiting, 
diarrhea, muscular fatigue and headaches are the most common symp- 
toms of prolonged oxygen want. Later Cheyne-Stokes’ respiration 
and a fall in arterial pressure, often preceded by a rise, may occur. 
The heart may become dilated. As terminal signs, hallucinations, 
circulatory collapse, unconsciousness and coma may occur.?*? It 
has recently been pointed out that many of these manifestations 
depend primarily on anoxia of the central nervous system and that sim- 
ilar symptoms occur with the onset of other types of collapse.** Pro- 
longed oxygen lack may produce changes within the body and par- 
ticularly in the nervous system, associated with a tendency to irrevers- 
ible processes.*° 

Susceptibility to oxygen lack varies greatly among individuals.”! 
Activity of reflexes can influence considerably such sensitivity of the 
organism. Selladurai and Wright®! have shown experimentally that 
oxygen lack acts as a stimulant to the respiration through the vagi and 
the sinus nerves. The integrity of the “buffer nerves’ may enable 
the respiratory center to withstand for long periods degrees of anoxemia 
which are lethal to it when it has been isolated by section of the vagi 
and denervation of the sinuses. In a recent study on the mode of ac- 
tion of oxygen lack on respiration Wright has demonstrated® that 
anoxia stimulates respiration only when the sino-aortic nerves are 
intact. The respiratory center of animals with denervated carotid 
sinuses and aortic arch (7. ¢., vasosensory zones) fails when there is 
approximately twice as much oxygen in the blood as is lethal to the 
normally innervated center. Thus intact animals can breathe for 
long periods a concentration of oxygen as low as 4%, while “denervated 
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animals’’ have often failed in an atmosphere containing 13 or even 14% 
of oxygen. It is suggested that afferent impulses along the carotid 
sinus and aortic afferent nerves can antagonize to some extent the 
direct chemical changes produced in the respiratory center by anoxia. 
That other factors can also influence the susceptibility of the body to 
oxygen want has been claimed by the Asher school.'* Variations in 
these physiologic factors may well bear on certain conditions observed 
in the clinic. 

Barcroft® has cl&sified oxygen deficiencies as follows: 1, anoxemic 
type, characterized by interference in the respiratory exchange of 
oxygen within the lungs; 2, stagnant type, due to a disturbance of the 
circulation in which oxygen is utilized more rapidly than it is supplied; 
3, anemic type, associated with lowered capacity of the blood to carry 
oxygen and with secondary low oxygen tension of the blood. A fourth 
type of anoxemia, the “histotoxic”’ type, in which the cells themselves 
have difficulty in utilizing the available oxygen (as in cyanide poisoning) 
has been added.” 

Effects of Oxygen on Subjects Without Oxygen Deficiency. As 
early as 1789 Lavoisier and Sequin® discovered that administration 
of oxygen had no effect in increasing metabolism. This finding has 
been amply confirmed.*** [In concentrations up to about 70 to 80%, 
oxygen does not seem to exert toxic effects. The prolonged use of 
higher concentrations or of pure oxygen is “irritant” to the lungs and 
poisonous to the central nervous system;*® the degree and nature of 
the toxic effect, however, is not well understood." It has been claimed 
that increased tissue acidity due to carbon dioxide retention is a factor 
in the production of the convulsions occurring in oxygen poison- 
ing.'? 18226 This explanation, however, has been questioned recently." 
Behnke, Johnson, Poppen and Motley"! have demonstrated that the 
response of healthy subjects to inhalation of pure oxygen at normal 
and at increased atmospheric pressure is variable. Healthy men be- 
tween the ages of 22 and 40 can breathe pure oxygen with comparative 
safety for 4 hours under normal atmospheric conditions, for 3 hours 
at 2 atmospheric pressure and for 2 hours at 3 atmospheric pressure. 
At 4 atmospheric pressure transient syncope with fall in blood pressure 
was observed and in one subject generalized convulsions developed 
after 45 minutes. It is of interest that at 4 atmospheric pressures the 
physically absorbed oxygen is about 7 vols. %, a concentration sufficient 
to satisfy the tissue requirement. At this pressure, however, striking 
effects of oxygen are observed."? In animals, first convulsions and then 
paralysis of the respiration has been described.” 

When oxygen is inhaled in high concentrations the only physiologic 
change detectable before the appearance of the toxic effects on the 
nervous system is the lowered cardiac rate. This effect, together with 
an increase in arterial saturation from 95 to 100% and an increase in 
physical absorption, may be the source of some therapeutic benefit 
following oxygen administration in cases without anoxia. It is doubt- 
ful, however, whether these responses are of practical therapeutic 
significance. The blood pressure is not altered. There is no definite 
effect on the cardiac output, as both slight increases and decreases 
have been reported.?** 
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Effect of Oxygen in the Presence of Oxygen Want. Oxygen therapy 
is, obviously, particularly indicated in diseases associated with oxygen 
lack. A consideration of the various types of anoxias indicates that 
the anoxemic type, associated with reduced arterial oxygen saturation, 
is the only type in which oxygen may be of striking benefit. In the 
stagnant, anemic and histotoxic types, the arterial oxygen saturation 
is normal and hence oxygen can, at best, be of little value.“*! It has 
been claimed, on the other hand, that in healthy subjects increase of 
lactic acid in the blood and its elimination in the urine after strenuous 
muscular exercise can be influenced by the inhalation of oxygen.*® 
This would suggest that the problem of oxygen therapy in the anoxias 
without anoxemia is not settled. 

Oxygen therapy does not benefit every type of arterial anoxemic 
anoxia. The theoretical principle of oxygen therapy is that an increased 
concentration of oxygen raises, relatively or absolutely, the partial 
pressure of the alveolar oxygen. By the administration of oxygen a 
normal or an elevated alveolar oxygen pressure can thus be produced 
in conditions in which a low alveolar oxygen pressure exists as a result 
of changes in the environmental air (asphyxial conditions), in the air 
passages (strictures, emphysema, ete.) or in the ventilation (shallow 
breathing). In instances in which anoxemia is the result of changes in 
the alveolar wall (7. ¢., decreased permeability) a high oxygen concen- 
tration elevates the partial pressure of the alveolar oxygen and increases 
its diffusion into the blood within the pulmonary capillaries. In view 
of the fact that the time factor also enters into the adequate oxygena- 
tion of the blood in the lungs, a rapid pulmonary flow may, theoretically 
at least, be responsible for anoxemia. Oxygen therapy will therefore 
accelerate the entrance of oxygen into the blood and so compensate for 
the rapidity of the blood flow.*' In each of these 3 forms of arterial 
anoxemia oxygen enhances the force which drives oxygen into the arterial 
blood. If, on the other hand, anoxemia results from such a gross dis- 
tortion of any of these forms that even the increased oxygen atmosphere 
is inadequate, or if the anoxemia results from cardiac shunts, oxygen 
may be without benefit even in the anoxemic type of anoxia. These 
considerations clearly indicate the diseases in which oxygen therapy 
may be of benefit. In the anoxemic type of anoxia improvement will 
manifest itself mainly in: 1, disappearance of cyanosis; 2, disappearance 
of cerebral symptoms; 3, improved function of the vegetative centers; 
4, lowered cardiac rate; 5, improved myocardiac functions; 6, improved 
capillary permeability. 

The value of oxygen therapy in anoxemic anoxia is distinct, though 
the degree of benefit is difficult to estimate. A statistical analysis fails 
to disclose a lowered mortality rate in treated groups of patients**>; 
it is questionable, however, whether oxygen therapy lends itself to 
such statistical analysis. The therapeutic value of oxygen is based on 
theoretical consideration, as already indicated; on the disappearance of 
arterial anoxemia following its administration;' and, finally, on the 
disappearance and reappearance of symptoms following administra- 
tion and withdrawal, respectively, of high concentrations of oxygen.*” 

Methods of Administration. Oxygen has been administered by 
inhalation, subcutaneous and percutaneous methods. The inhalation 
method is the only rational, practical method in use today. It is gener- 
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ally agreed that the concentration of the oxygen mixture administered 
should be from 35 to 60%." Oxygen is administered in chambers and 
through tents, boxes, catheters and masks. Each method has advan- 
tages and disadvantages. The oxygen chamber represents the most 
comfortable and normal method. Its disadvantage is the expense of 
construction and of operation, since it requires a special nursing staff. 
The tent method is widely applied. There are many types in use. It is 
essential that operation of the tent should be noiseless, that the circu- 
lation of air should be free, and that the humidity and carbon dioxide 
should be controlled. There should also be a wide range of ventilation 
without change in the oxygen concentration. The tent should be capa- 
cious and well supplied with windows**’4™ and should have a wall 
which is not easily permeable to oxygen.* The concentrations of 
oxygen, carbon dioxide and humidity should be tested routinely 3 times 
a day. The concentration of oxygen should be between 35 and 60%, 
depending on the condition of the patient. An initial flow of about 
15 liters a minute for 20 minutes, followed by a continuous inflow of 
from 7 to 8 liters a minute, is the usual procedure. The average cost 
of operation, including oxygen and ice, is $6.00 a day. Modern, im- 
proved tents can be used without a special nursing staff. A simple 
and practical “oxygen box”’ for use in the treatment of babies has been 
described by Burgess and Burgess.*:"® 

Recent studies®**#5* have demonstrated that the administration 
of oxygen through a nasal catheter is efficacious and practical. This 
method involves a simple technique and is economical. The patient 
can be nursed without difficulty and the treatment can be administered 
if he is delirious. Among 31 patients requiring continuous oxygen 
therapy, Porter“ found only one who could not tolerate this method 
of administration. He advocates the following technique: A rubber 
catheter, size 10 to 14 F. fenestrated near the tip, is introduced through 
the naris into the oral pharynx far enough so that it may be well dis- 
cerned behind the soft palate. It is then withdrawn until almost out 
of sight and is strapped with adhesive tape. Twice daily the catheter 
should be withdrawn for the purpose of cleaning and another inserted. 
A mild nasal oil not only facilitates the introduction, but also adds 
to the comfort of the patient. In delirious patients it is advisable to 
introduce the new catheter through the opposite nostril and to strap 
it well before removing the old one. Marriott and Robson*’ have 
recently found that with an oxygen flow of from 4 to 16 liters a minute 
the alveolar oxygen concentration varied between 29 and 58%. With 
the pharyngeal insufflation method Wineland and Waters®® found a 
concentration of oxygen in excess of 50% at the glottis. 

Masks for the administration of oxygen have no practical significance 
for general clinical use. They are of value mainly in mining, diving, 
mountain climbing, aviation and warfare. Various modifications of 
the original Haldane type of mask have been devised and recently a 
box mask has been described by Campbell.'* 

It has been demonstrated in recent years that oxygen can be admin- 
istered subcutaneously and that it is rather freely absorbed from this 
channel.?°*:49 Tt is doubtful, however, whether this method is of 
practical significance. 
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Percutancous administration of oxygen is based on the observation 
that when the skin is surrounded by an oxygen concentration of 37% 
or over, it absorbs oxygen more rapidly than when it is surrounded by 
air.’ In patients with advanced peripheral vascular disease, Starr™ 
observed no change in color of skin or sensation from 50% oxygen or 
lower. Concentrations above 80% caused relief from pain and slowly 
developing change of color. The change was most marked when the feet 
were originally very blue. In all cases, the original color of skin slowly 
returned when the oxygen in the jar was replaced by room air. Starr 
believes that local oxygen therapy combined with desiccation with heat 
is a useful supplement to other well-recognized measures. 

Oxygen Therapy in Specific Conditions. In recent years oxygen 
therapy has been used widely and rather indiscriminately. As has 
heen indicated in the preceding discussion, it is of practical benefit 
in only certain types of anoxemic anoxia, particularly in those associated 
with diseases of the lungs and of the heart, and with asphyxial condi- 
tions."'*” In the following review a few recent contributions have been 
selected to demonstrate the present status of oxygen therapy in pneu- 
monia and in heart disease. 

Pneumonia. It is agreed that oxygen is indicated in pneumonia 
only when there is cyanosis. Barach* summarizes the benefit of oxygen 
therapy in such cases as follows: 1, The bluish color of the lips and nail- 
bed changes to a pinkish color; 2, the heart rate frequently is slowed; 
3, the respiratory rate at times is diminished; 4, the patient is more 
comfortable and delirium and restlessness are decreased. It is ques- 
tionable whether statistics indicate a reduced mortality rate in the 
group of patients treated with oxygen.**°%¢ The fact, however, that 
pheumonia patients placed in an atmosphere high in oxygen show the 
type of improvement described above and that their removal from the 
oxygen atmosphere may result in accentuation of unfavorable symp- 
toms, including collapse and pulmonary edema,* clearly indicates that 
oxygen is a valuable adjuvant in the treatment of pneumonia. 

There is no basis for the belief that patients who have been kept in 
an atmosphere containing a high concentration of oxygen subsequently 
cannot tolerate lower concentrations.” Circulatory collapse and pul- 
monary edema follow the withdrawal of a high concentration of oxygen 
only when the morbid process is so advanced that the anoxemia is 
severe under normal atmospheric conditions. If the pneumonic process 
has improved, the patient can safely be removed from the oxygen tent 
or chamber. While gradual withdrawal of the high oxygen concentra- 
tion is advisable in cases of chronic pulmonary or cardiac disease, there 
is no indication that such patients cannot tolerate air as before. Hence 
present knowledge would indicate that “oxygen addiction”’ or acquired 
tolerance does not occur. 

Bronchopneumonia, and postoperative collapse with pneumonia are 
particularly apt to be associated with arterial anoxemia; hence oxygen 
therapy is especially indicated.“ In these conditions secretion and 
transudate are present in the bronchioles and the atria with maintained 
capillary circulation. Lobar pneumonia, on the other hand, is not, in 
the majority of instances, associated with frank cyanosis because in the 
consolidated area the pulmonary circulation is minimal. In the early 
stage of lobar pneumonia cyanosis is common because of congestion 
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and superficial, rapid respiration due to pleural inhibition.“ It fre- 
quently disappears, however, as the condition becomes more advanced. 
Indication for oxygen therapy may therefore be present in the early, 
but not in the subsequent stage. In other instances cyanosis may 
persist. 

Cardiovascular Disease. Heart failure is frequently associated 
with oxygen want resulting from either the stagnant or the arterial 
type of anoxemia. There is no evidence at present that the oxygen 
debt in compensated heart disease or the cyanosis associated with slow 
circulation and with increased peripheral utilization of oxygen (stag- 
nant type of anoxia) is appreciably benefited by oxygen therapy. The 
arterial anoxemic type of anoxia, on the other hand, should respond 
to the administration of oxygen. Cyanosis of pulmonary origin occurs 
quite frequently in cardiovascular disease, as pulmonary congestion 
with excessive fluid in the alveolar walls and spaces, and alteration in 
the ventilation with increased pulmonary dead spaces, are the earliest 
and the most common manifestations of heart failure.*°’ The changes 
in the lungs in heart disease, however, are not entirely of functional 
nature. As a result of pulmonary engorgement, structural alteration 
with permanent thickening of the alveolar wall may ultimately develop.” 
The diffusion of oxygen through such an alveolar wall becomes difficult 
at a time when the carbon dioxide, because of its high diffusion coefh- 
cient, can still be eliminated effectively." The anoxia of the myocar- 
dium resulting from these functional and structural changes in the lungs 
can, in turn, exert a damaging effect on the heart, thus leading to*a vic- 
ious circle. It has been demonstrated on preparations of mammalian 
heart that reduction of the oxygen supply results in rapid dilatation 
and failure of the myocardium.'” In spite of the fact that severe 
physical exercise does not lower the cardiac glycogen content, breathing 
an atmosphere containing 6 to 7% of oxygen rapidly leads to a disap- 
pearance of as much as { of the glycogen content of the myocardium.** 
Persistent arterial anoxemia, therefore, exerts a damaging effect on the 
myocardium, 

The beneficial effect of oxygen on dyspnea was first demonstrated 
bys Campbell and Poulton.’ Levy and Barach,® Rizer* and Burgess 
and Chafee" have claimed a beneficial effect in coronary thrombosis. 
Barach and Richards‘ observed improvement in cardiac failure after 
2 to 3 weeks of oxygen treatment, as attested by: 1, increased arterial 
oxygen saturation; 2, increased arterial carbon dioxide levels; 3, in 
some cases, a delayed rise in urinary output and disappearance of edema. 
Katz, Hamburger and their associates?* noted improvement, without 
diuresis, in some of the cases with heart disease treated in oxygen 
chambers. They attributed the following changes, both in normal 
subjects and in cardiac patients, to residence in an oxygen chamber: 
1, slowing of the heart rate; 2, decrease in pulmonary ventilation; 3, 
slight diminution of the vital capacity; 4, increase in arterial oxygen 
saturation; 5, increase in blood carbon dioxide. Richards and Barach*’ 
kept two normal subjects in 45% oxygen for a week. A fall in the 
pulse rate and a slight rise in blood carbon dioxide levels resulted. No 
appreciable change was observed in respiratory metabolism, in cardiac 
output or in excretion of electrolytes or of water. In cases with bene- 
ficial response in a group of 28 cases with cardiac insufficiency kept in 
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atmospheres of 40 to 50% oxygen for from 5 days to 7 months the fol- 
lowing changes developed: 1, improvement in dyspnea and in restless- 
ness; 2, restoration of the normal arterial saturation and increase in the 
blood carbon dioxide; 3, improvement or disappearance of edema. The 
clinical indications for oxygen therapy, as found by these observers, 
in the order of their importance are a, dyspnea; 5, restlessness; ¢, cardiac 
pain of anginal type; d, arterial oxygen unsaturation; e, cyanosis; f, 
cough. (The Reviewer feels, however, that these symptoms are indica- 
tions for oxygen therapy only when they are produced or accentuated 
by pulmonary changes.) Barach, Richards and Parsons® recently 
claimed that oxygen therapy may be beneficial in cardiac patients 
without arterial anoxemia. Increased atmospheric oxygen may exert 
a beneficial effect on cardiacs, producing the following changes: 1, 
The oxygen saturation becomes normal or higher than normal and the 
physically absorbed oxygen is increased. This results in a greater 
delivery of oxygen by unit of blood flow; 2, there will be better contrac- 
tion of the myocardium, and consequently improved circulation; 3, 
the pulmonary ventilation proceeds more efficiently and with less 
effort. It is obvious from these studies that acute cardiac emergencies, 
particularly when they are associated with pulmonary edema and 
arterial anoxemia as in cardiac asthma®’ and coronary thrombosis, 
will be benefited by oxygen therapy. If, on the other hand, the collapse 
and cyanosis in these conditions originate from alteration of the periph- 
eral circulation, little or no benefit can be expected from oxygen therapy. 

Asphyxial Conditions. It is evident from the discussion presented 
that asphyxial conditions resulting from lack of oxygen, either in the 
atmosphere surrounding the body or within the lung spaces as a result 
of diseases of the air passages, are ideally suited for oxygen therapy. 
The literature on this phase will not be cited. In the future develop- 
ment of aviation, and in warfare technique in particular, oxygen treat- 
ment will play an increasing réle. 

Soma Werss, M.D. 
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GASTRO-INTESTINAL TRACT. 


OnE of the least encouraging chapters in therapy is the one dealing 
with carcinoma of the gastro-intestinal tract, especially carcinoma of the 
esophagus and stomach. An editorial® quotes MeGibbon as stress- 
ing the necessity of early diagnosis, yet there is of necessity a latent 
period between the earliest carcinomatous formation and the patient's 
awareness of something amiss, and the duration of this period cannot 
be estimated. Then the patient may fail to obtain expert advice when 
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the symptoms manifest themselves or not infrequently the medical 
attendant treats him for nervous spasm or dyspepsia for 2 to 3 months 
before the nature and gravity of the complaint are realized. Jackson’s 
records showed an inferential diagnosis of a neurotic condition pre- 
viously made in 87 of 110 cases of esophagoscopically proved disease 
of the esophagus, and an analysis of large groups of cases reported 
showed the average period between the onset of symptoms and the 
diagnosis to be almost 6 months. Often the patient was sent to the 
roentgenologist with a vague complaint (difficulty in swallowing), and 
after the most meticulous examination no evidence of obstruction was 
found, or abnormal constriction or esophageal spasm. ‘Too frequently 
the roentgenologist failed to carry out the detailed study of the esoph- 
agus long ago practised by Hickey, Barclay, Manges (and others) to 
bring out slight variations or deviations from the normal. The virulence 
of the disease itself was an added factor in the poor results obtained in 
treatment. MeGibbon stated that the symptoms and signs of spread 
hy direct extension naturally depended on the level of the growth. The 
esophagus in its upper two-thirds is in close relation to many impor- 
tant structures, and the spread from growths situated in this locality is 
more apt to give rise to signs and symptoms than from those situated 
below the tracheal bifurcation. MeGibbon found the most common 
manifest complication of spread was caused by involvement of the 
recurrent layngeal nerves. His findings were in accord with the observ- 
ations of numerous writers. Certain hopeful surgical measures have 
been instituted comparatively recently in the treatment of this seem- 
ingly hopeless disease. In all cases of doubt, esophagoscopic examina- 
tion is indicated. Chevalier Jackson stated that if patients suffering 
from carcinoma of the esophagus have an abundance of water and 
full allowance of a well-balanced diet, they will survive for at least 
years. This rather long survival period should make roentgenologists 
a little guarded in their statements as to their results with radiation 
therapy in prolonging life in these cases. More careful Roentgen 
examination, following a careful technique, reéxamining the patient 
within a day or two if the first examination is negative, preferably at 
the time of more acute suffering from the difficulty in swallowing, will 
make for an earlier diagnosis in this condition. 

Beilin’ thinks it lamentable that approximately 50% of cancers of 
the stomach have reached a stage in which not even an exploratory 
operation is indicated by the time they are seen by the clinician. In 
the other 50%, in which an exploration is warranted, the growth can 
he removed in only about } of such cases. Thus it will be seen that 
only 25% of the cases of cancer of the stomach are operated on at a 
time when an attempt at a cure can be made. This appalling situation 
is due to many reasons: procrastination on the part of the patient who 
has “‘indigestion;” failure to make an early diagnosis; the generally 
accepted criteria for the diagnosis of gastric cancer are still the late 
manifestations of the disease; the early syndrome of gastric cancer will 
have to be popularized and the public made “stomach conscious;” 
lack of knowledge of the etiologic factors in gastric carcinoma; the ab- 
sence of any specific serologic tests for its presence; the prevailing atti- 
tude of many physicians and of laymen toward the disease, namely, 
when a diagnosis of cancer of the stomach is made, the condition is 
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considered incurable and nothing is done. Among the 1000 consecutive 
examinations of the stomach in this study there were 71 (7.1%) cancers. 
The youngest patient was 26 years of age. Levene and Wheatley 
reported a case of extensive carcinoma of the stomach in a girl, aged 
19, who for 5 months prior to admission to hospital had been under the 
care of her physician for the treatment of a nervous breakdown., This 
study revealed that the highest incidence of cancer of the stomach 
occurred in the fifth and sixth decades of life, with the average age 
being 58 years, and the disease is almost twice as common in males 
as in females. A review of the literature reveals the difficulty in dis- 
tinguishing between the benign and malignant lesions at the prepyloric 
region, the most frequent site of cancer; about 80% of the carcinomas 
start there. It is fair to state that any chronic indurating ulcerating 
lesion occurring at the pyloric antrum within | inch of the pylorus 
and without involving the pylorus should be considered malignant 
until proved to be otherwise, and that proof of the absence of matlig- 
naney in such lesions is obtained only by serial section and careful 
microscopic examination. Aside from the regional lymph nodes, most 
metastases lodge in the liver and on the peritoneal surface. After 
these, the distant nodes, the pancreas, and the lungs are involved in 
order of frequency. Less than 10% of the cases metastasize to the 
lungs. Metastases to bone with cancer of the stomach are more fre- 
quent than is usually supposed, these metastases were all of the osteo- 
clastic type and probably were hematogenous. This relative restriction 
of metastasis is of importance from a clinical standpoint. 1f metastases 
are not found in adjacent lymph nodes and in the liver at the time of 
operation, the chance of more distant involvement having already 
occurred is relatively slight. 

Unfortunately, cancer of the stomach presents no typical early 
syndrome. When patients present the classical picture of gastric 
malignancy, as has been so often described, with marked loss of weight, 
emaciation, pain, vomiting, palpable tumor mass, ete., the disease is 
advanced. An analysis of his own and the series of others revealed 
that the early symptomatology of gastric cancer varies in different 
individuals. However, if one indelibly bears in mind that if there are 
symptoms in an individual over 40, who complains of indigestion, as 
well as loss of appetite, nausea, vomiting, abdominal pain, fatigue, 
loss of weight without obvious cause, unexplained anemia, or any group 
of the above, one should regard this individual as having carcinoma 
of the stomach until proved otherwise. It should be popularized to 
the general profession and laity that the early clinical signs of cancer 
of the stomach are often so vague and apparently so insignificant, and 
that usually the earliest symptom is so-called “indigestion; and in 
order to make a diagnosis of a beginning cancer, thorough and com- 
petent clinical and roentgenologic examinations must be made at the 
time that the individual first presents himself, for the discovery of a 
carcinoma at that time will remarkably increase the percentage of 
cures. 

Avery! found little available information in the literature on the 
subject of syphilis of the esophagus. One author stated that less than 
100 cases, many not proven or authentic, had been reported. Lawrence 
stated that the condition was diagnosed as such in only 1 or 2 of every 
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thousand cases in which lesions were present. Lukens and Ono found 
only 12 cases of tracheo-esophageal fistula attributable to syphilis 
in their review. Another author found 4 syphilitic lesions of the esoph- 
agus in 350 consecutive cases of dysphagia. Still another stated that 
thousands of esophageal examinations might fail to reveal a single 
case of syphilitic involvement. The congenital form does occur, but 
itisrare. There is an esophagitis in the secondary stage often associated 
with mucous plaques and ulceration. Gumma and contractural sclerosis 
are seen in the tertiary stage. Esophagitis occurs more often in the 
middle half, while gumma usually involve the upper or lower thirds. 
There may be induration and spasm; a gumma may ulcerate and rup- 
ture; sclerosis and contracture may become pronounced, with almost 
complete stenosis. Dilatation above the lesion is usually not a striking 
characteristic. Primarily extraesophageal lesions have been reported, 
with secondary involvement of the esophagus. <A history of transitory 
attacks of mild dysphagia, gradual in onset, often of from 4 to 12 
months’ duration, with difficulty only in swallowing solids at first, 
then semisolids, and later liquids, is the most suggestive symptom. 
Loss of weight, anemia, and asthenia occur in the late stages. Sclerosis 
and contracture may become pronounced, with almost complete steno- 
sis. Patients rarely have pain though there may be some with laryn- 
geal involvement. Diagnosis, while still difficult, has been facilitated 
in recent years by Roentgen study, esophagoscopy, and serologic inves- 
tigation. The prognosis is good except in advanced stenosis. The 
treatment in the early stages is that for syphilis; successful treatment 
in the late stages can only be carried out by the esophagoscopist, 
hecause of the necessity of dilatation of contractural sclerosis and 
stenosis. The author reports 2 cases successfully treated. 

Baum? reported a case of esophageal-gastric carcinoma in a male, 
aged 53, in which microscopic examination of tissue in 1929 revealed a 
squamous-cell carcinoma with hornification. Roentgen examination 
revealed a marked dilatation of the lower end of the esophagus, with 
a tumor mass distal to this involving the esophagus and cardiac portion 
of the stomach. There were no pulmonary metastases. High voltage 
Roentgen ray therapy, the protracted fractional method, was imme- 
diately instituted. Forty-two treatments were given over a period of 
9 days, the average dose per treatment being 480 r units. After a 
month of treatment the patient was able to take solid food and radio- 
graphic examination after completion of treatment showed only a 
slight degree of irregularity at the cardiac end of the esophagus, corre- 
sponding to the site of the original lesion. Seen and examined 7 years 
later, the patient had carried on his usual occupation for 4 years and 
was able to eat a general diet without pain. The fluoroscopic and radio- 
graphic examination showed no evidence of obstruction in any portion 
of the esophagus. 

English’ reported a case of ectopic stomach in which Roentgen exami- 
nation showed the esophagus extending far below the diaphragm and 
at least { of the stomach, together with the duodenum contained in 
the sae of a large inguinal hernia. A loop of small intestine and a por- 
tion of the transverse colon were also found within the sac. Reéxami- 
nation with the patient in the recumbent position and the hernia re- 
duced, showed no intrinsic lesion in the gastro-intestinal tract. At 
operation, the hernia was found to be of the simple indirect type. 
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Elward® reported a case of herniation of the stomach through the 
esophageal hiatus and a diverticulum of the middle third of the esoph- 
agus in the same patient. The existence of the hernia was confirmed 
by surgical investigation and successfully closed. 

There is no single procedure which throws more sudden light on a 
vague or obscure clinical picture than the finding of a hernia through 
the diaphragm. In the vast majority of cases the condition is not even 
suspected from the clinical point of view. Symptoms which are present 
vary widely; at times they may be chiefly respiratory, cardiac or gastro- 
intestinal, but at other times eventration or actual hernia is discovered 
in a person who has no complaint whatever. Newcomet and Spack- 
man” discuss the methods of defining the hernia, which include roent- 
genographic and roentgenoscopic examination, with the introduction 
of gas into the stomach, gentle manipulation in several positions, watch- 
ing the effect of the diaphragmatic motility on forced respiration and 
viewing the relation of the diaphragm and abdominal viscera in various 
postures. It is always advisable to do the general fluoroscopy first in 
various postures before partially filling the stomach with gas, and to 
use the opaque meal last. It must be borne in mind that there are 
hernias which do not contain the stomach and in these the difficulty 
of recognition is somewhat increased. Careful routine examination 
of all thoracic and gastro-intestinal cases has elicited but 1 case of 
diaphragmatic hernia in every 4324. Eventration in their experience 
has been symptomless and does not inconvenience the individual. 
Diaphragmatic hernia, however, is a serious matter and the symptoms 
are apt to be progressive. 

As a direct means of establishing a diagnosis of appendicitis the 
Roentgen ray offers little aid; it is often misleading and not infre- 
quently leads to an erroneous decision. Its greatest usefulness, how- 
ever, is in the differential diagnosis, eliminating the more common 
gastro-intestinal and urinary tract conditions which clearly mimic 
appendiceal disease. Feldman? considers it far better to make innumer- 
able unnecessary investigations than to have a patient subjected to a 
useless and often harmful operation. Many patients, especially those 
of a neurotic tendency, find themselves in a worse state and are much 
more difficult to control than if they had not been operated on. A 
review of the literature on this subject confirmed this opinion. A study 
of several groups, including his own, showed that in the majority 
of instances patients who were unrelieved of their symptoms after 
operation for chronic appendicitis had little or no pre-operative Roentgen 
ray study. Roentgen examinations after operation in his own series 
revealed peptic ulcer (gastric and duodenal) in 36.5%, gall bladder 
lesions in 26 % and genitourinary pathologic lesions in 6%. His findings 
approximated those of similar studies by other observers. Feldman 
feels that in no instance should operative procedures be undertaken for 
chronic appendicitis until all other conditions have been thoroughly 
eliminated. The Roentgen method of investigation is of the greatest 
importance as an aid in the ultimate diagnosis. 

Lesions of an inflammatory character or those associated with some 
process which has an inflammatory reaction as a background, affect 
the motor characteristics of the small intestine through three different 
channels, namely, innervation, blood supply and mechanics. Innerva- 
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tion is a term used in the broad sense and must not be considered as 
indicating a specific nerve reaction alone or a neurologic lesion. In all 
cases of this group there is a disruption of normal peristaltic action or 
muscular tone or both. Since activity and tone of smooth muscle 
depends on nerve stimuli, the lack of muscular activity evidenced in 
all cases of this group may be associated with changes in innervation. 
This may be either general or local. These changes in innervation may 
have their origin in the central nervous system but more likely in the 
sympathetic nervous system. They are probably due to a toxic effect 
or direct pressure on Auerbach and Meissner plexuses. An allergic 
phenomenon might be a better term if one could explain allergy. Under 
this heading Cole and Pound‘ grouped ileus, migraine, enteritis and 
pancreatitis. Ileus is an atonic dilatation of the small intestinal coils 
with marked distention from gas and is generally considered paralytic. 
It may be associated with an inflammatory process in the peritoneal 
cavity or may be a reflex manifestation from some more remote cause. 
The radiologic diagnosis of ileus depends upon the appearance of the 
gas-filled coils seen in plain films of the abdomen. The differentiation 
from a mechanical obstruction is very difficult and at times impossible. 
Roentgenographically enteritis is characterized by no evidence of 
obstruction or gas in the small intestine in the plain film. Barium 
studies show a very definite interference with the motor phenomena 
evidenced by a marked diminution of activity, a slight atony, or dilata- 
tion of the filled coils and a delay proximal to the area of greatest 
involvement. The amount of intestinal gas is not markedly increased 
and the barium has a tendency to stagnate in segments. 

Migraine exhibited an abnormal dilatation of the small intestine, 
with a conspicuous absence of the major and minor motor phenomena 
leaving only the plica circularis as an anatomic finding. In acute 
pancreatitis changes in the mucosal pattern, especially noticeable in 
the border of the duodenum adjacent to the pancreas were noted, with 
variations in the diameter of the lumen. Lack of gas in plain films with 
a fluid content of the lumen was very suggestive to them of mesenteric 
thrombosis. When the loops were filled with a barium meal they showed 
an atonic dilatation with no visible peristalsis. 

Mechanical obstruction secondary to adhesions was characterized 
hy the festooning of dilated gas-filled small intestinal coils across the 
abdomen in stepladder formation. 

Intrinsic inflammatory lesions exhibited alteration in the structure 
of the wall and lumen. The distal portion of the ileum seemed to be the 
site of preference in those lesions. There were two main types of involve- 
ment, the isolated or continuous lesion and the so-called skip lesion. 
In the continuous type of lesion the lumen was narrowed and the walls 
were irregularly thickened. The barium passed through the altered 
lumen in an irregular, narrow stream. The lumen margins were ser- 
rated in appearance. The speed with which the barium passed through 
the involved area depended on the amount of local or current irrita- 
bility. The adjacent normal coils appeared to be displaced from the 
involved area, due to the thickening of the walls of the diseased por- 
tion. The skip lesion usually involved shorter segments, and the irregu- 
larities of the lumen again depended on the stage of progress of the 
inflammatory reaction. Between the areas of local contracture there 
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were areas of compensatory dilatation or relatively normal appearing 
lumen. Some of these lesions entirely encircled the lumen, others were 
limited to one side, shown by the absence of normal markings on the 
mesenteric border and exaggerated markings on the antimesenteric 
border. 

Conditions associated with partial deprivation of certain vitamins, 
of protein, and of important organic elements (“deficiency states’’) 
embrace those reactions occurring in sprue and the lesion generally 
referred to as “ulcerative colitis’ exhibited delayed forward progress 
instead of increased speed in the small intestine. Changes in the appear- 
ance of the mucosal markings were found from the duodenum to the 
cecum. The normal markings were wider—that is, thickened—and 
frequently bizarre in appearance. The motor phenomena were dis- 
rupted. 

That the pre-operative diagnosis of the condition variously known 
as “terminal ileitis,” “‘regional ileitis’ and “chronic cicatrizing enteritis” 
is almost entirely dependent on correct Roentgen examination and 
interpretation was the opinion of Sproull.!’ This condition is marked 
by a characteristic subacute or chronic necrotizing and cicatrizing 
inflammation and is clinically featured by symptoms resembling those 
of ulcerative colitis, namely, fever, diarrhea and emaciation, leading 
eventually to an obstruction of the small intestine and to the occurrence 
of a mass in the right iliac fossa requiring resection of the involved 
intestine. Originally, it was stated that the terminal ileum only was 
involved and that the disease never attacked the large intestine; later 
experience has shown that the disease may involve any part of the small 
intestine except the duodenum, and cases have been reported of simul- 
taneous involvement of the terminal ileum and cecum. The Roentgen 
findings in regional ileitis vary with the stage of the disease at which 
the examination is made. In the acute stage of the disease the diganosis 
of appendicitis is usually made and at this period Roentgen examina- 
tions are uncommon. In the subacute stage, the Roentgen findings in 
the affected segment or segments are moderate narrowing of the lumen 
of the bowel, irregularly of the margins of the bowel, some degree of 
local stasis, rigidity of the bowel wall, and a mucosal relief pattern of 
the finger-print-depression type resembling that produced by poly- 
posis. The roentgenologic appearance of the later stage (commonly 
called the fibrostenotic stage) in the terminal ileum, where this stage is 
most commonly seen, consist of : 1, a filling defect of varying length in the 
terminal ileum; 2, dilatation of the loops of ileum proximal to the lesion 
and the presence of puddling and fluid levels in this area; 3, abnormality 
in contour of the last filled loop of ileum; 4, the presence of a string-like 
shadow of barium, of varying length, which represents the area involved 
and which Kantor calls the string sign. The string sign does not always 
show the extent of the area involved. In some cases the fibrostenotic 
changes are limited to a comparatively small area of the diseased intes- 
tine. In such circumstances the string sign will show the extent of the 
fibrostenotic area while the remainder of the involved intestine will 
present the Roentgen findings characteristic of the subacute stage. 
Where the colon is involved, the barium enema is valuable and may 
reveal characteristic filling defects, abnormal mucosal relief pattern, 
or fistulous tracts between the small and large intestine. The three 
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most important diseases to be differentiated are appendicitis, ileocecal 
tuberculosis and ulcerative colitis. 

In discussing diarrhea as a symptom, Golden® stated that the failure 
to demonstrate disease of the colon does not necessarily mean that no 
organic basis exists for the symptom. Disturbances of the small intes- 
tine also may cause diarrhea and deserve study by Roentgen methods 
when the large intestine is found to be normal. Diarrhea was either 
a presenting or an important symptom in 9 of 11 cases of non-specific 
granuloma of the small intestine (regional ileitis). Diarrhea, either 
continuous or alternating with constipation, was present in different 
series of tuberculosis of the intestine in percentages varying from 66 to 
27. Tuberculosis is usually associated with phthisis but may occur 
in the absence of pulmonary disease. Both ileum and cecum are 
usually involved; in rare cases, a large localized tuberculous ulcer may 
be found in the large intestine. Diarrhea is the presenting symptom 
of chronic steatorrhea, non-tropical sprue, celiac disease in infants, 
adult celiac disease and tropical sprue; all apparently based upon the 
same physiologic disturbance—lack of an essential substance or sub- 
stances—and considered essentially the same disease. Diarrhea some- 
times occurs without either clinical or Roentgen evidence of organic 
disease. The symptom is usually attributed to psychic or nervous 
influences; it is infrequently associated with lymphosarcoma of the 
small intestine and did not occur in any of the 11 cases of benign neo- 
plasms of the small intestine found at necropsy in his series. It occurred 
in only 4 of 20 cases of proved malignant disease of the small intestine; 
with intussusception of the small intestine it rarely, if ever, occurs. 

The most common roentgenologic finding in cases of small bowel 
tumor, whether they are benign or malignant, is intestinal obstruction. 
In such cases the Roentgen examination is of great value in determining 
the presence of obstruction and its location, but the actual causes of 
the obstruction is usually obscure. There is one type of malignant 
small bowel tumor which is extraluminal and non-obstructive. Arising 
in the wall of the small bowel, these tumors grow away from the lumen 
and out into the mesentery, forming large external masses. The lumen 
of the involved segment, instead of being stenosed and obstructed, is 
usually irregular dilated due to necrosis and ulceration within the tumor 
mass. In such cases the Roentgen findings are very characteristic. 
Lingley" reported 5 such cases with the Roentgen findings. The 
involved segment of the small bowel was irregular in outline with 
obliteration of the mucosa and with moderate to marked dilatation 
throughout the lesion. There was no obstruction but the involved area 
could be made visible even after the barium column had passed beyond 
because of a coating of barium adhering to its ulcerated surface. In 
most cases a large mass could be palpated corresponding to the defect 
in the bowel, this mass often being very large in comparison with the 
small area of intestine involved. 

Martin" presented 19 cases of proved “lymphoblastoma” involving 
the gastro-intestinal tract, studied at the Massachusetts General 
Hospital since 1925. This group included Hodgkin’s disease, lympho- 
sarcoma, lymphoma, leukemia and aleukemia. The distribution of the 
lesions in the stomach alone, in the stomach and intestine, and in the 
intestine alone was tabulated with the other cases reported in the litera- 
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ture. Lymphoblastoma has been found as a primary lesion in all parts 
of the gastro-intestinal tract except the esophagus. In this organ, it 
may appear as a direct extension from a lesion in the stomach or from 
the epiglottic folds. The majority of the lesions are found around the 
pylorus and ileocecal region. When found around the pylorus, there 
is a marked tendency for the disease to spread beyond the pyloric valve 
and involve the duodenum. The great majority of the lesions start 
in the submucosa. Of great diagnostic importance to the roentgen- 
ologist is the pathologist’s description of the mucous membrane of the 
involved stomach. In 70% of the cases, the rug of the stomach were 
described as thickened and distorted, and in 35% were so greatly dis- 
torted that the pathologist described them as resembling the cerebral 
convolutions. The involved cecum shows the same type of thickening 
and distortion as the gastric mucosa. The anatomic changes that are 
of value to the roentgenologist in gastro-intestinal lymphoblastoma are 
thickening and distortion of rug; displacement and pressure defects 
of the fundus; a double lesion of the gastro-intestinal tract; a lesion 
of the pylorus that extends over the valve end and involves the duo- 
denum; and changes in the duodenal loop associated with pressure 
defects on the fundus of the stomach and splenic flexure (enlargement 
of the head of the pancreas associated with an enlarged spleen). When 
the lesion was located in the ileocecal region, it was not uncommon 
for it to produce mandarin-sized tumors which at times caused invagin- 
ation of the ilium into the cecum. It was not rare to find tuberculous 
and lymphomatous ulcers side by side in the same part of the intestine. 
The treatment of gastro-intestinal lymphoblastoma usually fequires 
both surgery and deep Roentgen therapy. Surgery offers a definite 
possibility of cure. 

True neoplasms of the colon manifest themselves roentgenologically 
by signs so consistently distinctive as to be practically pathognomonic. 
When these characteristic roentgenologic manifestations of neoplasm 
are not elicitable, the Roentgen diagnosis of non-neoplastic tumor is 
made simply by exclusion, since no alternative diagnosis is possible. 
With this preface Weber" contrasts the roentgenographic images of the 
neoplastic and the non-neoplastic tumefactive lesions of the large intes- 
tine. The filling defect produced by inflammatory tumefactions is 
essentially a constriction of the lumen, embracing only a part of one 
of the divisions of the large intestine, but it is usually a longer defect 
than the one associated with neoplasm. The filling defects fade off 
gradually, almost imperceptibly, into the normal contours of the 
intestine proximal and distal to the constricted area. Destruction of 
the mucosa may or may not take place, and when it is observed it is 
practically always in association with those inflammatory tumors 
‘aused by an etiologic agent which under other circumstances causes 
ulcerative colitis. The tuberculous, amebic, and the streptococcic 
granulomas are the principal examples of this group of inflammatory 
tumefactions. The most important pathologic changes are found in 
the submucosal structures, and while the mucosa has always undergone 
some pathologic change, it may be unbroken throughout the entire 
extent of the lesion. Rarely, multiple inflammatory lesions are en- 
countered in the same colon. Combined involvement of ileum and 
cecum is commonly seen when an inflammatory tumor involves this 
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region, a phenomenon never seen with neoplasm unless perforation 
has taken place. There are no fundamentally reliable roentgenologic 
signs by which the various etiologic types of inflammatory tumor can 
he distinguished from each other. 

C. G. SuTHERLAND, M.D. 
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Vitamin B, and Carbohydrate Tolerance. and 
DorotHy V. Wrippie (Department of Pediatrics, University of Penn- 
<vIlvania, and Children’s Hospital of Philadelphia). Withdrawal of 
vitamin B, from the diet of rats results in immediate and progressive 
decline in daily growth increment. Voluntary food intake roughly 
parallels growth increment but lags behind it. This suggests that the 
inability to form new tissue is a primary defect in vitamin B, deficiency. 
Increasing the ratio of protein and mineral salts to the carbohydrate 
in the diet did not alter growth increment or food intake. Glucose 
tolerance tests indicated that diminished tolerance for carbohydrate 
occurred in the late stages of vitamin B, deficiency when the blood 
sugar mounted to extraordinary heights. Insulin did not reduce this 
hyperglycemia nor alter the symptoms of the disease. There was little 
or no disturbance of glucose tolerance in depletion, at a time when 
growth increment and food intake were rapidly diminishing. These 
results give indirect evidence in favor of the hypothesis that vitamin 
B, plays an essential rdle in the synthesis of fat. 


Vitamin B, and the New Synthesis of Fat. |ororny V. Wuipp.e, 
CHARLES F. Caurcn, and Haro_p STEVENS (Department of Pediatrics, 
University of Pennsylvania, and the Children’s Hospital of Philadel- 
phia). Rats on fat-free diets containing adequate vitamin B, were able 
to gain more weight than isocaloric control animals not receiving the 
vitamin. The average body composition of the animals receiving vita- 
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min B, and their mates of isocaloric intakes but not receiving the vita- 
min were (in per cent) as follows: with vitamin B,; water 64.9, fat 94, 
protein 18.5, ash 5.8; without vitamin By, water 67.8, fat 3.3, protein 
21.2 and ash 5.9. The animals receiving vitamin B, gained 13.5 gm. 
more weight than the animals not receiving the vitamin. Fat accounted 
for 6.5 gm. and water for 6.2 gm. of this total. 

Respiratory quotients, after the subcutaneous injection of 1 gm. of 
glucose in similar pairs of animals showed quotients below unity for 
the deficient animals and above unity for the controls. The average 
of 17 determinations on 8 rats, taken during the progress of vitamin B 
depletion was 0.85. The average of 17 determinations on 9 isocaloric 
control rats receiving an adequate amount of the vitamin and made 
on the same day and under the same conditions as the deficient rats 
was 1.15. Crystalline vitamin B, raised the R. Q. of rats showing severe 
symptoms of B, deficiency. The average of 8 determinations, after the 
injection of 1 gm. of glucose in 7 rats showing severe symptoms, was 
0.79; the average of 7 determinations on these same rats immediately 
after the injection of 0.1 mg. crystalline vitamin By, was 14S. 

A hypothesis is suggested that vitamin B, is essential for the synthesis 
of fat in the animal body. 

Poikilothermic Changes in Man and Their Effect on Respiratory 
Exchange. H. C. Bazertr, 8S. Goupscumipr, Bo and 
Sripyatra (Laboratory of Physiology, University of Pennsylvania). 
If a subject be immersed in a moderately cool bath (30 to 32° C.) the 
rectal temperature after an initial rise slowly falls with little sensation 
of cold. If the bath be then raised 0.5 to 2° there is a marked sensation 
of peripheral warmth, resulting in vasodilatation, and flooding of the 
central areas with blood from the cooled skin. The mean body tem- 
perature is at this time rising, but the rectal temperature shows a rapid 
fall. Under such conditions the lowered rectal temperature is usually 
accompanied by a lowered rather than raised oxygen intake, the CO. 
output is decreased to an even greater extent, and respiration is de- 
pressed. There is a marked fall of the respiratory quotient (to below 
0.7), a marked reduction in alveolar Oy tension, and usually a rise in 
alveolar CO. tension. The condition is therefore the opposite of that 
seen with hyperpyrexia. 

The changes are associated with the change in rectal rather than in 
mean body temperature, and are presumably dependent upon the respir- 
atory adjustments necessitated by the reduced capacity of blood pro- 
teins (or proteins in other tissues) to bind base at the lower temperature. 
The changes resemble the retention of CO. that has been described in 
frogs and alligators on cooling, except that the respiratory response 
increases the COs tension, while in the cold blooded animals this tension 
falls. 

On Depolarization of the Muscle and Nerve Membranes by Organic 
Substances. Rupotr (Laboratory of Physiology, University of 
Pennsylvania). On the basis of the frequently discussed conception, 
that the wave of discharge following excitation of a muscle or a nerve 
fiber is accompanied by some chemical or physicochemical reaction 
which temporarily abolishes the selective cation permeability of the 
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surface film of the fiber, an attempt has been made to find organic 
compounds comparable in some way to products of metabolism con- 
nected with excitation, which, applied from the outside, would bring 
about depolarization dependent upon an increase of permeability to ions. 

Experiments performed with sartorius muscles and sciatic nerves 
of the frog showed that organic cations, anions and nonelectrolytes 
are able to depolarize the membranes with a potency parallel to their 
ability to cytolyse (f. i. caprylate, nonylate, oleate, taurocholate; dial- 
kvlamines; alkvlearbamates). In this respect the muscles were found 
to be more sensitive than the nerves. The effects are fairly reversible 
unless duration and concentration are unduly high. 

These observations afford an explanation of the change of permea- 
bility in question as follows: free fatty acids or their ions might be 
released during excitation from phosphatides which are supposed to 
he normal constituents of the plasma membranes. Due to their polar 
configuration, surface activity, and lipoid solubility. they would be 
capable of bringing about some degree of toly sis, ¢., alteration of 
the molecular distances in the surface film. 


Reflexes from the Carotid Body to the Respiratory Center. J. H. 
Comrok, and Carn FL Scusipr (Laboratory of Pharmacology, 
University of Pennsylvania). In dogs anesthetized with chloralose and 
with depressor nerves cut, the respiratory reflexes aroused in the carotids 
by chemical agents (lobeline, evanide, increased COQ. and decreased Ov 
were investigated from the standpoints of (a) site of origin, and (/) 
physiologic significance. Origin was found to be in the carotid body, 
for intracarotid injection of lobeline or cyanide failed to stimulate 
breathing when artery supplying the carotid body was clamped; 
pressure receptors of the carotid sinus are not involved, for lobeline 
reaching the latter but not the carotid body had no effect while typical 
hyperpnea resulted when the drug reached the carotid body but not 
the carotid sinus. Either CO. excess or Oy lack in the fluid used to per- 
fuse one carotid body produced hyperpnea, but the necessary changes 
in COs were bevond the ordinary physiologic range. To test the phyio- 
logic significance, an animal prepared for perfusion of one carotid body 
was made to breathe Os, COs in Oc, and Ne or NeO, in succession; at the 
height of each effect blood was drawn from an artery, heparinized, and 
shortly afterward pumped through the carotid body; thus the systemic 
response could be compared with the reflex one and the changes were 
within limits known to be physiologic. In 44 such experiments it was 
found that: (a) reflex hyperpnea occurred in every case when blood Oy 
was reduced by 4 vols. % or more; whereas to get an equally constant 
response from increased CO., blood COQ. had to be increased by more 
than 16 vols. %; (b) reflex (carotid body) hyperpnea of anoxemia was 
greater than, equal to, or somewhat less than that due to inhalation 
of the gas, depending on whether neither carotid body, or one, or 
both were receiving blood during the inhalation; but with COs excess, 
the systemic response was always much greater than the reflex, and 
the activity or inactivity of the carotid body or bodies during the inhala- 
tion made no difference; (¢) threshold of the carotid body receptors to 
CO. was never below an increase of 4 vols. %, whereas an increase of 
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less than 2 vols. % increased breathing about 50%, and an increase ot 
2 to 4 vols. % doubled it, when acting on the center; reflex hyperpnea 
of CO. excess was nearly always much less than reflex hyperpnea ot 
anoxemia in the same animal; to get a reflex hyperpnea from COs excess 
equal to that produced by Oy lack blood COs had to be increased more 
than 16 vols. %. These results justify the belief that reflexes from the 
sarotid body, though essential to the hyperpneas of lobeline, evanide. 
and anoxemia, have little or nothing to do with the response to CO 
over the usual physiologic range; receptors of the carotid body seem 
more influenced by O» lack than by CQs excess and are very much less 
sensitive to changes in CO: than the cells of the respiratory center. 
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